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LUMBER  GRADE  RECOVERY  FROM 

ENGELMANN  SPRUCE  IN  COLORADO 

By 

Lincoln  A.    Mueller  and  Roland  L.    Barger 


INTRODUCTION 


Engelmamn  spruce  (Picea  engelmannii  Parry)  is  Colorado's  most  important  saw- 
timber  species.  It  makes  up  approximately  50  percent  of  the  total  sawtimber  volume, 
and  40  percent  of  the  growing  stock.  The  species  is  recognized  for  its  straight,  well- 
rounded  boles,  and  light-weight,  soft -textured  wood.  It  is  well  adapted  to  a  wide  range 
of  uses,  both  as  a  building  material  and  as  a  source  of  fiber.  Heavy  utilization  of  more 
accessible  pine  stands  during  and  after  World  War  II  shifted  emphasis  to  Engelmann 
spruce  as  a  primary  source  of  sawtimber.  With  increased  utilization  came  recognition 
of  its  many  desirable  properties,    which  progressively  strengthened  demeind. 

Engelmann  spruce  occurs  at  the  higher  elevations  in  the  mountains  of  Colorado. 
The  generally  higher  logging  costs  associated  with  such  sites,  plus  an  overall  increase 
in  manufacturing  costs,    have  created  an  increasing  need  for  better  stumpage  pricing 
data.      The  major  objective    of   this    study   was,    therefore,    to   determine    the    lumber 
volume  and  grade  yields  currently  being  recovered  from  Engelmann  spruce  sawtimber 
available  to  the  industry.     A  secondary  objective  was  to  test  the  feasibility  of  grading 
Engelmann    spruce    logs  by    application   of   a    set   of  trial   log   grades    developed   for 
associated  species  in  the  Pacific  Northwest  region. 


METHODS 

MILL  SELECTION 

The  study  was  conducted  at  the  J.    Stanley  Weidman  Lumber  Company  sawmill 
at  Durango,    Colorado, in   1957.      This  milling  firm,    one    of  the    major    spruce    lumber 
producers  in  the  State,    produces  a  full  range  of  standard  lumber  grades.^    The  stands 
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Western  Pine  Association.     Standard  grading  rules  for  ....    Engelmann 


spruce  ....    lumber.      141  pp.,    illus.      Portland  4,    Oregon.     1957. 
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supplying  this  mill  represent  the  quality  of  Engelmaiin  spruce  sawtimber  available 
in  Colorado. 

The  sawmill  is  equipped  with  a  6 -foot  single -cut  band  headrig  and  a  vertical 
band  resaw.  Logs  are  stored  in  a  pond.  Lumber  is  green  graded  ctnd  sorted  by 
grade  and  width  as  it  leaves  the  mill  on  the  green  chain  to  facilitate  seasoning,  yard 
inventory,  and  surfacing.  The  lumber  is  air  dried  in  piles  that  have  been  carefully 
stacked  and  stickered.  Pile  covers  are  not  used,  although  select  and  high-common 
grade  piles  are  partially  protected  by  a  top  course  of  cull  lumber.  Dried,  surfaced 
lumber  is  graded  by  certified  Western  Pine  Association  graders. 

LOG  SAMPLE 

To  meet  the  study  objectives  and  have  as  nearly  as  possible  a  random  sample 
of  logs  from  the  timber  available,  arrangements  were  made  to  have  logs  delivered 
from  four  landings  in  a  sale  area  on  the  San  Juan  National  Forest.  The  logs  were 
delivered  to  the  mill  in  both  long  and  short  lengths.  Long  logs  were  bucked  to  length 
upon  entrance  to  the  mill.  Of  67  5  logs  selected,  621  were  16  feet  in  length,  and  54 
were  shorter. 

LOG  SCALING,    DIAGRAMING,    AND  GRADING 

All  logs  were  scaledby  a  recently  checked  Forest  Service  scaler  in  accordance 
with  the  1956  revision  of  the  National  Forest  Scaling  Handbook'  (Scribner  Decimal 
C  Log  Rule). 

Logs  were  diagramed   by   a   member    of  the  Forest  Products   Laboratory  staff, 
who  followed  the  diagraming  system  adopted  by  the  Laboratory.  *     Due  to  the  layout 
of  the  mill,    it  was  necessary  to  diagram  the  logs  on  the  jackladder.     White  fir  (Abies 
concolor   (Gord.    81  Glend.  )  Lindl.  )  logs   intermixed  with  the   spruce   study  logs  pro- 
vided additional  time  to  complete  diagraming.      The  down  face  was  diagramed  as  the 
log  was  ejected  from  the  conveyor  to  the  mill  deck. 

Grading  was    done    by    personnel    of   the    Rocky    Mountain    Station,    who    worked 
closely  with  the  log  diagraming  operation.      The  logs  were  graded   according   to    the 
trial  log  grades  developed  in  the  Pacific  Northwest,  Region  6,  for  associated  species, 
(appendix,    page  19.)      The  minimum  diameter  limits  specifiedby  the  grading  system 
were  reduced  to  fit  the  diameter  range  common  in  Engelmann  spruce,    and  knot  size 
limits  were  extended  to  include   10 -inch  grade   3  logs. 

MILL  PROCEDURE 

As  the  study  logs  entered  the  mill,    they   were    assigned   consecutive    mill   log 
numbers.      These  numbers  were  cross  referenced   with   the    scale    log   numbers    to 
identify  scale  and  grade  of  the  logs.      The  mill  log  numbers  were  posted  in  the  mill 


'     U.    S.    Forest  Service.     National  Forest  scaling  handbook.      119  pp.      1956 


revision. 


U.    S.    Forest  Service.     Sawlog  grades  for  hardwoods   --  Central  States 
studies.     Forest  Prod.    Lab.    Rpt.    D1699,    22  pp.,    illus.     1947. 
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in  a  position  readily  visible  to  all  lumber  markers.     Sawing  instructions  specified 
that  the  mill  follow  normal  sawing  and  log  break -down  practices. 

Lumber  markers  were  positioned  throughout  the  mill  so  that  each  board  fronn 
a  given  log  could  be  properly  identified  with  the  mill  log  number.      Upon  reaching  the 
green  chain,    the  lumber  from  the  study   logs    was    pencil    trimmed   and    ripped,     and 
graded  by  a  certified  Western  Pine  Association  lumber  grader.     It  was  then  tallied 
by  mill  log  number,    lumber  grade,    and  dinnension.       The    lumber    moved   from   the 
green  chain  to  the  drying  yard  for  air  drying. 

Later,    samples  of  dry  lumber  from  each  grade  and  width  were  selected  for  a 
study  of  grade  change    and    volume    loss    as    a    result    of   drying    and    surfacing.      The 
sample  included   lumber    produced    from    logs    other    than    study    logs,     but   from   the 
same  general  area  and  sawn  under  the  same  conditions.      This  lumber  was  regraded 
and  tallied  after  surfacing  and  end  trimming.      The   resulting  change -of -grade    and 
volume -loss  factors  were  applied  to  green  recovery  data  to  obtain  the  estimated  dry 
surfaced  recovery. 

In  addition  to  grade  and  volume  recovery  data,    the  time  required  to  saw   each 
log  was  recorded.      Board  thickness  measurements  were  also  made  on  a  sample    of 
4/4   boards  as  a  check  of  sawing  accuracy. 

ANALYSIS 

Electronic  data  processing  methods    were    used    in    compiling   the    study    data. 
Log  characteristics  from  the  log  diagram  and  scale  sheets,    and  lumber  grade    and 
volume  data  from  the  mill  tally  sheets,    were  punched   directly   on    data   processing 
cards.      These    cards    were    processed   to    obtain    green   lumber    grade    and    volume 
recovery  by  specified  log  groups  and  classes. 

Green    lumber    grade    recovery   was    converted    to    dry    surfaced    recovery   by 
applying  the  grade -change  and  volxome-loss  factors  developed  in  the  degrade  study. 
An  IBM  650  program  developed  for  this  purpose  was  employed.^     This  program  also 
computed  individual  log  value,    based  on  1959  lumber  grade  selling  values.    A  second 
IBM  650  program  was  employed  to  compute  regressions  of  log  volume  and  value  on 
log  diameter,    and  average  value  per  M  board  feet.  ^ 


RESULTS 

LOG  SAMPLE 

A  total  of  675  merchantable  logs  were  used  in  the  study.     Of  these,    621  were 
16  feet  in  length  and  54  were  shorter.     Logs  scaled  as  sound  made  up  84  percent  of 


^     Newport,    C.    A.  ,    and  Leach,    Joe.     A  method  for  the  application  of  change  in 

grade  factors  to  individual  logs an  IBM  650  program.      U.    S.    Forest  Serv. 

Pacific  Southwest  Forest  and  Range  Expt.    Sta.  ,    Tech.    Paper  41.      9  pp.      1959. 

^     Frazier,    George  D.  ,    and  Carney,    Ronald  B.     Computing  average  log  values 
for  timber  appraisals  using  IBM  650  or  Univac  Solid  State  80  computers.      U.    S. 
Forest  Serv.      Pacific  Southwest  Foresc  and  Range  Expt.    Sta.,    Tech  Paper  54.      16 
pp.  ,    illus.    1961. 
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the  sample,  or  567  logs.  The  diameter  distribution  of  the  study  logs  is  shown  in 
figure  1.  Log  scaling  diameters  ranged  from  7  to  27  inches.  The  average  scaling 
diameter  was  12.4  inches,  while  the  most  frequently  occurring  diameter  was  lliO 
inches. 
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Figure   1.  --Diameter  distribution  of  study  logs. 


LOG  SCALE  AND  DEFECT 

The  study  logs  yielded  a  gross  scale  of  66,  040  board  feet.      Deduction  for  defect 
which   amounted  to  2,  970  board  feet  or  4.  5  percent  of  total  gross  scale,    left   a  total 
net  scale  of  63,  070  board  feet.     Defect   deduction   accounted  for  24.  5    percent  of  the 
gross    scale  of   defective    (partial-scale)  logs.      Table   1   shows  gross  and  net  scale  and 
percent  scale  deduction  by  log  grade  and  log  diameter  class. 


Table  2  indicates  amoxont  and  type  of  defect  deduction  by  log  dianneter  class. 
The  relation  of  diameter  to  percent  of  defect  is  not  so  pronounced  as  might  be  antici- 
pated.      Western  red  rot  or  heart  rot  (Polyporus  anceps),    the  principal  defect  encoun- 
tered,   contributed  44  percent  of  the  total  scaling  deduction  (table  3).     Sweep  and  crook, 
second  in  importance,    made  up  29  percent  of  the  deducted  volume.     Sap  rot  and  shake 
accounted  for   11  and  9  percent,    respectively,    with  check  and  split  making  up  the  bulk 
of  the  rennainlng  7  percent.     A  snnall  amount  of  defect  was  borderline  between  heart 
rot  and  sap  rot. 


Table   1.  --Gross  and  net  volume  of  study  logs  by  log  grade  and  log  diani.eter  class 

all  logs 


Log  grade 

and 

log  diameter 

Logs 

Scribner  scale 

Scale 

Gross 

Net 

deduction 

Number 

Board  feet 

Percent 

LOG  GRADE : 

1 

3 

880 

870 

1.  1 

2 

47 

9,410 

8,730 

7.2 

3 

323 

39,710 

38,  000 

4.3 

4 

302 

16,  040 

15,470 

3.6 

Total 

67  5 

66,040 

63,  070 

4.  5 

LOG  DIAMETE 

R  (Inches) 

7 

22 

650 

620 

4.6 

8 

60 

1,710 

1,  690 

1.2 

9 

65 

2,  530 

2,  510 

.8 

10 

71 

4,  060 

3,850 

5.2 

11 

85 

5,700 

5,400 

5.  3 

12 

73 

5,720 

5,  520 

3.  5 

13 

71 

6,970 

6,860 

1.6 

14 

56 

6,  120 

5,990 

2.  1 

15 

48 

6,  690 

6,470 

3.  3 

16 

43 

6,780 

6,480 

4.4 

17 

24 

4,240 

4,  020 

5.2 

18 

22 

4,  540 

4,  220 

7.0 

19 

12 

2,880 

2,  600 

9.7 

20 

8 

2,240 

2,  110 

5.8 

21 

6 

1,800 

1,760 

2.2 

22 

4 

1,  320 

1,020 

22.7 

23 

3 

1,  140 

1.  060 

7.0 

24 

1 

400 

390 

2.  5 

27 

1 

550 

500 

9.  1 

Total 

67  5 

66,  040 

63,  070 

4.  5 

With  respect  to  log  position,    scale  deductions  accounted  for  7.  4  percent  of  the 
gross  scale  of  butt  logs,    3.  6  percent  of  middle  logs,    and  2.  3  percent  of  top  logs.    All 
deduction  in  top  logs  was  for  sweep  or  crook.     Table  3  shows  type  and  amount  of  scale 
deduction  by  log  position,    as  determined  by  the  scaler. 


Table  2.  --Gross  scale  deductions  by  defect  type  and  log  diameter  class   --  all  logs 


Log 

Logs 

Defe 

ct  type 

Total 

scale 

deduction 

diameter 
(inches) 

Heart 
rot 

:  Sap   : 
:  rot    : 

Heart  . 
sap  I 

ind    : 
•ot     : 

Check  or  ; 
split        ; 

Sweep  or 
crook 

'   Shake 

^lumber 

-   - 







-    Percent 

I 

7 

22 

0 

0 

0 

0 

4.6 

0 

4.6 

8 

60 

0 

0 

0 

0 

1.2 

0 

1.2 

9 

65 

0 

0 

0 

0 

.8 

0 

.8 

10 

71 

2.2 

0 

0 

0 

3.0 

0 

5.2 

11 

85 

.7 

0 

0 

0 

4.6 

0 

5.  3 

12 

73 

.9 

.  5 

0 

0 

1.8 

.  3 

3.5 

13 

71 

.  3 

.  3 

0 

0 

1.0 

0 

1.6 

14 

56 

1.0 

0 

• 

3 

.  5 

.3 

0 

2.1 

15 

48 

2.4 

.6 

0 

0 

0 

.  3 

3.3 

16 

43 

2.5 

.6 

0 

0 

.7 

.6 

4.4 

17 

24 

2.8 

.5 

0 

.  5 

1.2 

.2 

5.2 

18 

22 

1.3 

2.7 

0 

.4 

.4 

2.2 

7.0 

19 

12 

7.0 

1.0 

0 

.7 

0 

1.0 

9.7 

20 

8 

4.0 

0 

0 

.9 

.9 

0 

5.8 

21 

6 

0 

0 

0 

2.2 

0 

0 

2.2 

ZZ 

4 

17.4 

0 

0 

0 

3.0 

2.  3 

22.7 

23 

3 

3.  5 

0 

0 

3.5 

0 

0 

7.0 

24 

1 

2.  5 

0 

0 

0 

0 

0 

2.5 

27 

1 

0 

9.  1 

0 

0 

0 

0 

9.  1 

Total 

67  5 

2.  0 

.  5 

0 

.3 

1.3 

.4 

4.5 

Table   3.  --Gross  scale  deductions  by  defect  type  and  log  position 


Defect  type 

Log 

position^ 

Proportion  of 

Butt 

•      Middle 

Top 

;    All 

total  defect 

-  -  - 

■    Percent  o 

f  gross  scale   - 

-  -  - 

Percent 

Heart  rot 

3.4 

1.8 

0 

2.0 

44.4 

Sap  rot 

.9 

.4 

0 

.5 

11.  1 

Heart  and  sap  rot 

0 

0 

0 

0 

e) 

Check  or  split 

.3 

.2 

0 

.3 

6.7 

Sweep  or  crook 

2.4 

.8 

2.3 

1.3 

28.9 

Shake 

.4 

.4 

0 

.4 

8.9 

Total 

7.4 

3.6 

2.3 

4.5 

100.0 

Log  pKjsition  ainalysis  is  based  upon  defect  data  from  672  logs. 
Less  than  0.  1  percent. 
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LUMBER  GRADE  CHANGE  AND  VOLUME  LOSS 

A  lumber  sample  of  33,  07  3  board  feet  was  used  to  determine    the    change    of 
grade  and  volume  loss  as  a  result  of  drying,    surfacing,    and   end   trimming.      The 
sample  included  lumber  of  all  available  widths  in   each   lumber    grade.       Table    4 
indicates  the  distribution  of  the  sample  by  grade  and  nominal  width. 

The  lumber  was  air  dried  to  a  moisture  content  of  12  to   15  percent.     Careful 
stacking  and  stickering,    and  adequate  pile  foundations,    minimized  warping,    cupping, 
and  other  deformation.     Pile  covers  were  not  used,    although  select  and  high-common 
grade  lumber  was  protected  by  a  top  course  of  cull  lumber. 

The  sample  lumber  was  re  graded  and  tallied  after  surfacing  and  end  trimming. 
The  resulting  volume  loss  and  grade  chajiges  are  shown  Ln  tables  4  and  5.     Because 
of  the  small  volume  involved,    the   select  grades  were  combined  in  the  green  grade. 
Dimension  lumber  made  up  only  0.8  percent  of  green  volume  recovery,    ajid  was  not 
represented  Ln  the  degrade  study. 

The  change -of -grade  and  volume -loss  factors  shown  in  table  5  were  applied  to 
green  grade  recovery  to  obtain  estimated  dry  surfaced  lumber  grade  recovery.      This 
resulted  in  an  8.7  percent  reduction  in  the  total  green  volume  of  lumber  Ln  the 
recovery  study. 


Table  4.  --Degrade  lumber  sample  and  related  drying  and  surfacing  volume  losses 


Green  grade 


Board  width 


Green  volume 


[  Finished  volume 
combined  grades 


Volume  loss 


Inches 

-  -  —   Boa 

rd  feet  -  -  -  - 

Percent 

Select 

8 

2,963 

2,744 

7.  39 

1-2  C 

12 

3,908 

3,  688 

5.63 

10 

1,  528 

1,422 

6.94 

8 

4,  315 

4,  160 

3.59 

6 

3,895 

3,745 

3.85 

3  C 

12 

1,848 

1,  626 

12.  01 

10 

1.495 

1,  332 

10.90 

8 

5,7  67 

5,  237 

9.  19 

6 

1,061 

1,013 

4.52 

40 

12 

1,  566 

1,  376 

12.  13 

10 

1,  132 

940 

16.96 

8 

1,472 

1,241 

15.69 

4 

1,  157 

976 

15.64 

5  C 

12 

272 

226 

16.91 

10 

303 

232 

23.43 

8 

213 

164 

23.00 

6 

178 

126 

29.21 

^     Most  losses  were  due  to  checking  associated  with  spiral  grain. 


Table  5.  --Change  of  lumber  grade  and  volume  loss^    from  green  to  dry  surfaced  condition 


Dry  sur 

fa 

ced  gra 

de 

Green 

Volume 

grade 

Select 

Common 

loss 

:     B  and 
:   better 

;      c 

".        D 

1-2 

* 

3 

'      4      ; 

5 

■  Dimension 

-    Percent 
1.  31 

of  green  volume 
3.29           6.12 

Select 

51.80 

10.  34 

16.60 

3.  15 

0 

7.  39 

1-2  C 

0 

0 

0 

49.94 

38.  38 

6.86 

.  19 

0 

4.63 

3  C 

0 

0 

0 

7.01 

65.87 

16.87 

.78 

0 

9.47 

4  C 

0 

0 

0 

.23 

6.86 

72.77 

5.24 

0 

14.  90 

5  C 

0 

0 

0 

0 

.  32 

12.97 

64.  11 

0 

22.  57 

Dimension 

0 

0 

0 

0 

0 

0 

0 

100. 

00 

0 

^     Largely  from  checking  associated  with  spiral  grain. 


LUMBER  VOLUME  RECOVERY  AND  OVERRUN 

The  study  logs  yielded  7  3,  558.8  board  feet  of  rough  lumber.     Computed  volume 
losses  due  to  drying,   surfacing,  and  end  trimming  reduced  total  recovery  to  67,  150.4 
board  feet.      Log  scale  and  lumber  recovery  values  for  the  average  siudy  log  are  as 
follows : 


Gross  scale 
Net  scale 
Green  recovery 
Finished  recovery 


Board  feet 

97. 

8 

93. 

4 

109. 

0 

99. 

5 

Table  6  shows  green  and  dry  surfaced  lumber  recovery,    and  overrun,    by  log 
diameter  class. 

All  overrun  values  are  computed  on  the  basis  of  dry  surfaced  lumber  recovery. 
As  generally  expected,    partial-scale  logs  yielded  consistently  higher  overruns  thaji 
did  full-scale  logs  of  comparable  size,    largely   because    portions    of   the    deducted 
volumes  are  frequently  recovered  in  the  sawing  operation.     Also,    hidden  defect  in 
full-scale  logs  reduces  lumber  yield  below  scaled  volume.     Overrun  by  1 -inch  log 
diameter    classes    followed   the    irregular    pattern    that    is    typical    of   the    Scribner 
Decimal  C  log  rule,    and  declined  as  diameter  increased.      Figure  2  illustrates  this 
trena  for  both  full-scale  and  partial -scale  logs. 
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Table   6.  --Net  log   scale,    lumber  recovery,    and  overrun,  '    by  log  diameter  class 


Log 

Lumber   recover 

y 

diameter 

Logs 

Net  Scribner   scale 

Overrun! 

(inches) 

Rough 

Finished 

Numbe  r 

Board  feet 

Board  feet 

Percent 

F-tTL  L  -  SC-A  L  E      LOGS 

7 

22 

620 

686.0 

631.7 

1.9 

8 

60 

1,690                                         2, 

327.  5 

2,  105.8 

24.6 

9 

65 

2.510                                         3, 

058.7 

2,787.  3 

11.0 

10 

71 

3,850                                         4, 

186.0 

3,  839.  1 

-    .  3 

11 

85 

5,400                                         6, 

022.6 

5,  505.2 

1.9 

12 

73 

5,  520                                         6, 

977.  5 

6,  415.6 

16.2 

13 

71 

6,860                                      7, 

986.4 

7,  313.5 

6.6 

14 

56 

5,  990                                      7, 

520.9 

6.889.8 

15.0 

15 

48 

6,470                                      7, 

452.  6 

6.833.0 

5.6 

16 

43 

6,480                                      7, 

538.3 

6.87  1.2 

6.0 

17 

24 

4,020                           ■             4, 

601.6 

4.  196.2 

4.  4 

18 

22 

4,220                                         4 

906.  6 

4.  435.6 

5.  1 

19 

12 

2,  600                                         3 

066.  0 

2.781.0 

7.0 

20 

8 

2,110                                         2 

153.  6 

1,  953.0 

-7.  4 

21 

6 

1,760                                         1 

868.2 

1.722.6 

-2.  1 

22 

4 

1,020                                         1 

265.  1 

1,  117.8 

9.6 

23 

3 

1,060                                         1 

132.3 

1.  035.7 

-2.  3 

21 

1 

390 

398.  5 

37  1.6 

-4.7 

27 

1 

500 

410.4 

344.7 

-31.  1 

Total 

67  5 

63,070                                         73 

558.8 

67,  150.4 

;ale    logs 

7 

20 

590 

627.  0 

576.9 

-2.2 

8 

59 

1,670                                            2 

296.7 

2.  076.9 

24.4 

9 

63 

2,450                                            2 

965.6 

2,704.7 

10.4 

10 

60 

3,400                                         3 

510.  0 

3,  227.2 

-5.  1 

11 

68 

4,  500                                         4 

885.4 

4,  487.0 

-    .  3 

12 

61 

4.7  60                                            5 

893.9 

5,  444.4 

14.  4 

13 

65 

6,  370                                           7 

312.  5 

6,  699.0 

5.2 

14 

50 

5,460                                         6 

739.8 

6,  176.7 

13.  1 

15 

41 

5,710                                         6 

377.0 

5,  843.  3 

2.  3 

16 

31 

4.880                                         5 

472.  1 

4,  991.7 

2.  3 

17 

14 

2,440                                         2 

698.  5 

2,  448.4 

.  3 

18 

15 

3,070                                         3 

384.4 

3,  07  5.6 

.  2 

19 

7 

1,680                                         1 

751.0 

1,  607.  1 

-4.  3 

20 

5 

1,400                                         1 

340.4 

1,  236.2 

-11.7 

21 

5 

1,500                                         1 

566.6 

1,  4  45.  3 

-3.6 

22 

1 

330 

354.0 

321.  9 

-2.  5 

23 

2 

760 

786.4 

719.4 

-5.  3 

24 

0 

0 

0 

0 

0 

27 

0 

0 

0 

0 

0 

Total 

567 

50,  ^70                                         57 

961.  3 

53,  081.7 

ALL 

LOGS 

7 
8 

2 

1 

20  iir\^^^\ 

59.  0 
30.8 

54.8 
28.9 

82.7 

44.  5 

9 

2 

60                       ^ 

93.  1 

82.6 

37.7 

10 

11 

450 

67  6.0 

611.  9 

36.  0 

11 

17 

900                                            1 

137.2 

1,  018.2 

13.  1 

12 

12 

760                                         1 

08  3.  6 

97  1.2 

27.8 

13 

6 

490 

673.9 

614.  5 

25.4 

14 

6 

530 

781.  1 

713.  1 

34.  5 

15 

7 

7  60                                         I 

07  5.  6 

989.7 

30.2 

16 

12 

1,600                                         2 

066.2 

1,  879.  5 

17.  5 

17 

10 

1,580                                         1 

903.  I 

1,747.8 

10.6 

18 

7 

1,150                                         1 

522.2 

I,  360.0 

18.  3 

19 

5 

920                                         1 

315.0 

1,  173.9 

27.  6 

20 

3 

710 

813.2 

716.8 

1.0 

21 

1 

260 

301.6 

277.  3 

6.7 

22 

3 

690 

911.  1 

795.9 

15.  3 

23 

1 

300 

345.9 

316.  3 

5.4 

24 

1 

390 

398.  5 

37  1.6 

-4.7 

27 

1 

500 

410.4 

344.7 

-31.  1 

Total 

108 

12,  100                                         15 

597.  5 

14,  068.7 

Overrun  is  based  on  dry  surfaced  lumber  recovery. 


[  I     Full-scale  logs 

Partial-scale  logs 


8         9        10        11       \Z       13       14       IS       16       17       18      19      ZO      Zl       ZZ      23       24 
LOG  DIAMETER     (INCHES) 

Figure  2.  --Overrun  by  log  diameter,    based 
upon  dry  surfaced  lumber  recovery. 


ESTIMATED  LUMBER  VOLUME  RECOVERY 

Average  lumber  volume  recovery,    when  computed  from  study  data  for  each 
log  diameter  class  and  grade,    may  be  somewhat  erratic.      This  is  partially  due  to 
log  diameter  classes  and  grades  that  are  inadequately  represeated,    because  of  the 
inherent  nature  of  the  timber  involved.      It  may  also  be  partially  ascribed  to  chance 
variation  in  the  sample  of  logs  selected.     Consequently,    average  recovery  volume 
can  be  estimated  more  reliably  by  statistical  methods  than  fronn  the  raw  data. 

Lumber  volume  recovery  ■was  estimated  by  computing  regressions  that  related 
individual  log  volume  to  log  scaling  diameter.  Separate  regressions  were  computed 
for  each  log  grade,  scaling  class  (full-scale,  partial-scale,  and  all),  and  log-length 
class  (1 6-foot  and  shorter).  Regression  estimates  of  dry  surfaced  lumber  reco  ery 
are  shown  by  log  grade,  scaling  class,  atnd  diameter  class  in  table  10,  appendix. 
There  were  too  few  logs  in  grade   1   to  warrcuit  regression  analysis. 
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All  regressions  were  second-degree  polynomials  of  the  type  Y  =  a  +  bX  +  cX   , 
where  Y  =  recovery  volume    and  X  =  log    scaling    diameter.     Standard   error  of  esti- 
mate  (Sy.x)  for    the    regressions  ranged  from  9.9  to  25.8    board   feet.      Coefficients 
of  determination  (R^  )  ranged  from  0.78  to  0.95. 


LUMBER  GRADE  RECOVERY 

An  importajit  objective  was  to  determine  the  lumber  grade  distribution  of  dry 
surfaced  lumber  recovered.      Table  7  summarizes  lumber  grade  recovery  both  by 
log    grade    and   log   diameter    class.      Lumber    grade    recovery    is    expressed   as    a 
percent  of  total  recovery. 

The  high  proportion  of  common  grade  lumber,    characteristic  of  Engelmann 
spruce,    is  somewhat  compensated  for  by  the  small  volume   in  low-common  grades. 
Common  grades   1-2  and  3  account  for  70.  5  percent  of  total  lumber  recovery.     Knots, 
although  numerous,    are  for  the  most  part  small  and  sound,    and  seldom  degrade  the 
lumber  seriously.      The  volume  of  grade  5  common  lumber  developed  is  due  primarily 
to  the  presence  of  rot. 

Select  grade  lumber  recovery  shows  a  general  increasing  trend  with  increase 
in    log    diameter,     although   no    trends    are    apparent    in    common    grade    recovery. 
Generally,    the  smaller  logs  are  top  logs  and  therefore  are  more  heavily  limbed 
than  larger  logs. 

Tables   11,    12,    13,    and  14  of  the  appendix  present  lumber  grade  recovery  by 
log  grade,    scaling  class,    diameter  class,    and  length. 


Table  7,  --Percentage  lumber  grade  recovery,    dry  finished  basis,    by  log  grade  and  log 

diameter  class    --  all  logs 


Log  grade 

Se 

led 

grades 

Common 

grades 

and 
log  diameter 

Logs 

Total 

B  and 
better 

'.      c      • 

D 

1  -2 

;       3 

4 

■         5 

'Dimension 

Number 

Percent 

LOG   GRADE: 

1 

3 

19.0 

3 

8 

6.  1 

21.9 

31.2 

13.7 

1.8 

2.  5 

100 

2 

47 

5.9 

1 

2 

1.  9 

21.  1 

46.2 

20.6 

1.8 

1.  3 

100 

3 

323 

1.4 

3 

.4 

22.2 

49.4 

23.7 

2.  2 

.4 

100 

4 

302 

.6 

1 

.2 

18.4 

51.9 

25.  3 

2.  0 

1.  5 

100 

Total 

675 

LOG    DIAMET 

ER  (Inch 

es): 

7 

22 

0 

0 

0 

10.  1 

42.  3 

19.  3 

3.8 

24.  5 

100 

8 

60 

0.  3 

0 

1 

0.  1 

16.8 

49.  3 

29.4 

2.4 

1.6 

100 

9 

65 

.5 

1 

.2 

19.5 

53.9 

23.4 

1.8 

.6 

100 

10 

71 

.2 

0 

.  1 

24.2 

52.4 

21.  5 

1.  3 

.  3 

100 

U 

85 

1.  3 

3 

.4 

23.3 

49.  1 

2  3.6 

2.0 

0 

100 

12 

73 

.9 

2 

.  3 

26.1 

50.  1 

20.7 

1.4 

.3 

100 

13 

71 

1.0 

2 

.  3 

23.9 

50.  6 

22.3 

1.6 

.  1 

100 

14 

56 

.9 

2 

.  3 

22.  1 

54.7 

20.  3 

1.  3 

.2 

100 

15 

48 

3.2 

6 

1.0 

22.8 

49.8 

20.7 

1.7 

.2 

100 

16 

43 

2.4 

5 

.7 

20.2 

50.2 

24.  3 

1.7 

0 

100 

17 

24 

4.0 

8 

1.  3 

18.8 

50.2 

22.  1 

2.  3 

.  5 

100 

18 

2.1 

2.0 

4 

.6 

17.5 

47.0 

27.  5 

3.9 

1.  1 

100 

19 

12 

1.9 

4 

.  6 

17.0 

47.8 

27.9 

2.  3 

2.  1 

100 

20 

8 

3.8 

8 

1.  2 

18.1 

46.  4 

24.9 

3.9 

.9 

100 

21 

6 

3.  5 

7 

1.  1 

25.9 

49.  2 

18.4 

1.  2 

0 

100 

22 

4 

3.7 

7 

1.  2 

7.9 

32.4 

48.0 

4.  5 

1.6 

100 

23 

3 

10.  3 

2 

1 

3.  3 

13.  1 

35.2 

25.  0 

2.  1 

8.9 

100 

24 

1 

30.4 

6 

1 

9.7 

16.  3 

18.8 

10.7 

2.2 

5.8 

100 

27 

1 

0 

0 

0 

.2 

7.  1 

76.5 

16.2 

0 

100 

Total 

675 
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LOG  AND  LUMBER  VALUE 

Individual  log  value  was  computed  by  means  of  the  Newport-Leach  IBM  650 
program  mentioned  earlier.  The  program  applied  current  lumber  grade  selling 
prices  to  the  lumber  grade  and  volume  recovery  of  each  study  log  as  shown  below: 

Lumber  grade  Value  per  M  b.  m. 

(Dollars) 

B  and  better  select  151.20 

C  select  151.20 

D  select  151.  20 

1  -2  common  92.  92 

3  common  71.  6 1 

4  common  67.  36 

5  common  42.  67 

2  and  better  dimension  8  3.  19 

3  and  better  dimension  80.  56 

All  dimension  material  encountered  in  the  study  was  valued  as  grade  3  and 
better. 

These  log  values  were    used   as    observations    in    regressions    calculated   to 
obtain  estimated  log  value.      Regressions    that    related    individual   log    value    to    log 
scaling  diameter  were  computed  in  the   same  manner  as  those  previously  computed 
for  volume  recovery.      Regression  estimates  of  individual  log  value  are  shoAvn  in 
table   10,    appendix.     Again,    grade   1   logs  were  excluded  from  regression  analysis. 

Standard  error  of  estimate  (Sy.  x)  ^^r    the    log    value    regressions  ranged  from 
$0.  87  to  $3.  47.      Coefficients  of  determination   (R^  )  ranged  from  0.  58  to  0.  88. 

Lumber  value  per  M  b.  m.    for  each  class  of  logs  was  computed  by  the  pro- 
cedure   outlined    in    the    Frazier-Carney    IBM    650    program.       In    this    procedure, 
regression  estimates  of  log  value  are  used  in  conjunction  with  estimated  lumber 
recovery  to  obtain  value  per  M  b.m.     Lumber  values  thus  computed  are  shown  by 
log  grade,    scaling  class,    diameter  class,    and  length  in  tables   11,  12,  13,    and  14, 
appendix. 


RESULTS  OF  GRADING  ENGELMANN  SPRUCE  LOGS 

Log  grading  systems,    when  adequate  for  the  species,    form  an  effective  basis 
for  more  accurate  timber  quality  appraisal  and  pricing.     One  of  the  objectives  of 
this  study  was  to  test  the  feasibility  of  grading  Engelmann  spruce   saw  logs. 

The  study  logs  were  graded  by  means  of  a  modification  of  the  trial  log  grades 
developed  for  associated  species  in  the  Pacific  Northwest  region  (appendix,  page   19) 
The  minimum  diameter  limits  specified  in  the  grading  system  were  reduced  to  fit 
the  diameter  range  common  in  Engelmann  spruce.     Knot  size  linnits  were  extended 
to  include   10 -inch  grade  3  logs. 


12 


Table  8  shows  the  grade  distribution  of  study  logs,  and  presents  lumber 
recovery  and  overrun  by  log  grade.  Log  grades  2,  3,  and  4  are  well  represented, 
but  grade   1  does  not  contain  enough  logs  for  valid  comparison  with  the  other  grades. 

That  some  quality  separation  was  obtained  through  grading  the  logs  is  apparent 
in  the  lumber  grade  recovery  pattern  (table  12;  and  fig.  3).  The  recovery  of  select 
and  low -common  lumber  varies  with  log  grade  (fig.  3).  Lower  grade  logs  produce 
proportionately  more  grade  4  and  5  common  lumber,  and  less  select  lumber.  The 
proportion  of  grades   1-2  and  3  common  lumber  produced  remains  relatively  constant. 

Lumber  value  for  each  log  grade -diameter  class  was  computed  from  regression 
estimates  of  lumber  recovery  and  log  value,    as  discussed  previously.      Figures  4  and 
5  illustrate  the  resulting  lumber  value  curves  for  each  log  grade. 


Table  8.  --Net  log  scale,    lumber  recovery,    and  overrun,    by  log  grade 


Net 

Lumber 

recovery           [ 

Log  grade 

Logs 

Scribner 

• 

Overrun^ 

. 

. 

scale 

Rough 

Finished 

Number 

Board  feet  ■ 

■   -   -  - 

- 

Percent 

FULL-SCALE  LOGS 

1 

2 

48  0 

522.8 

484.4 

0.9 

2 

30 

6,  000 

6,  690.0 

6, 

159.  1 

2.7 

3 

269 

30,  960 

35,  472.7 

32, 

508.5 

5.0 

4 

266 

13,  530 

15,  275.8 

13, 

929.7 

3.0 

Total 

567 

50,  970 

57,  961.3 

53, 

081.7 

PARTIAL -SCALE  LOGS 

1 

1 

390 

398.5 

371.6 

-4.7 

2 

17 

2,730 

3,477.8 

3. 

164.9 

15.9 

3 

54 

7,  040 

9,  053.3 

8, 

141.  1 

15.6 

4 

36 

1,  940 

2,  667.9 

2, 

391.  1 

23.3 

Total 

108 

12,  100 

15,  597.5 

14, 

068.7 

ALL 

LOGS 

1 

3 

870 

921.  3 

856.0 

-1.6 

2 

47 

8,730 

10,  167.8 

9, 

324.0 

6.8 

3 

323 

38,  000 

44,  526.0 

40, 

649.6 

7.0 

4 

302 

15,47  0 

17,  943.7 

16, 

320.8 

5.5 

Total 

67  5 

63,  07  0 

73,  558.8 

67, 

150.4 

Overrun  based  on  dry  surfaced  lumber  recovery. 
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Figure   3.  --Lumber  grade  recovery,    dry  surfaced  basis,    by  log  grade 

16  -foot  logs. 
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Figure  4.  --Average  value  per  M  b.  m,    dry  surfaced  lumber,    by  log  grade 
and  diameter  class --full-scale  16 -foot  logs. 
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*     Grade    1   curve  is  freehand,    based  upon  three  logs  only. 

Figure  5.  --Average  value  per  Mb.m.    dry  surfaced  lumber,    by  log  grade 
and  diameter  class--all  l6-foot  logs. 


Diameter  classification  accomplishes  very  nearly  as  much  quality  separation 
as  does  log  grading  for  logs  up  to   14  inches  in  diameter.      This  would  be  expected, 
since  diameter  predetermines  to  a  certain  extent   the  grade  of  smaller  diameter  logs. 
In  the  larger  diameter  classes,    where  the  full  range  of  log  grades  is  applicable,    logs 
Ccin  be  separated  as  to  quality  by  means  of  the  log  grade  system.      To  the  extent  that 
quality  separation  is  achieved,    log  grading  appears  to  warrant  further  consideration. 

Detailed  lumber  volume  and  grade  recovery,    and  log  and  lumber  value,    are 
presented  by  log  grade  in  tables   10  through  14  of  the  appendix. 


LOG  SAWING  TIME 

The  headsaw  time  required  per  unit  of  lumber  increases  as  log  size  decreases. 
To  determine  this  diameter -sawing  time  relationship  for  Engelmann  spruce,    sawing 
time  was  recorded  for  669  study  logs.      Variable  sawing  time   (actual  time  on  the  car- 
riage) was  subtracted  from  total  elapsed  time  to  obtain  fixed  time.      Fixed  time  was 
pro -rated  equally  among  the  logs,    since  log  size  does  not  materially  affect  handling 
and  loading  time.      Table  9  shows  variable,    fixed,    and  total  sawing  time  per  log,    and 
sawing   time    per    Mb.m.,    by   log   diameter.      Figure  6    illustrates   graphically   the 
relationship   betvv'een   log    size    and    sawing   time.      The    curves    are   based   upon    a 
regression  of  sawing  time  on  log  diameter. 
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Table  9.  --Average  sawing  time  per  log  ajid  per  M  b.  m.    dry  surfaced  lumber   -■ 

669  logs 


Log 

diameter 

(Inches) 

Logs 

Sawir 

g  time  per  log 

Sawing  time 

Variable      ' 

Fixed 

;         Total 

per  Mb.  m.^ 

Number 

-   -   - 



Minutes    -   -   -   - 



7 

22 

0.434 

0.062 

0.496 

17.274 

8 

60 

.474 

.062 

.536 

15.272 

9 

64 

.  545 

.062 

.607 

14. 155 

10 

69 

.  57  3 

.062 

.635 

11.744 

11 

84 

.710 

.062 

.772 

11.920 

12 

73 

.  943 

.062 

1.005 

11.435 

13 

71 

1.055 

.062 

1.  117 

10.844 

14 

55 

1.  130 

.062 

1.  192 

9.689 

15 

47 

1.250 

.062 

1.  312 

9.217 

16 

43 

1.  321 

.062 

1.  383 

8.655 

17 

24 

1.  518 

.062 

1.  580 

9.036 

18 

22 

1.  575 

.062 

1.637 

8.118 

19 

12 

1.  538 

.062 

1.  600 

6.  904 

20 

8 

1.970 

.062 

2.032 

7.270 

21 

6 

1.983 

.062 

2.045 

7.  123 

22 

3 

2.  413 

.062 

2.47  5 

8.856 

23 

3 

2.843 

.062 

2.905 

8.416 

24 

1 

3.430 

.062 

3.492 

9.397 

27 

1 

3.  170 

.  062 

3.232 

9.  376 

^     Computed  averages,    based  upon  average  number  of  logs  per  M  b.  m,    dry 
surfaced  lumber. 


SAWING  ACCURACY 

A  sample  of  the  4/4  lumber  produced  was  measured  to  determine  the  dimen- 
sional variation.      Three  board  thickness  measurements  were  taken  along  the  length 
of  each  of  198  sample  boards.      Measurements,    taken  at  board  midpoint  and  2  feet 
from  each  end,    were  alternated  between  board  edges,    auid  averaged  to  obtain  board 
average  thickness.      Figure  7   shows  the  range  of  board  thickness  encountered  in  the 
sample,    and  the  proportion  of  boards  in  each  thickness  class. 

The  board  average  thickness  that  occurred  most  frequently  was  the  target 
thickness  of  34/32  inches;  it  accounted  for  25  percent  of  the  lumber  sampled.      The 
eight  most  frequented  consecutive  thickness  classes   (31/32  through  38/32  inches), 
representing  a  total  spread  of  1/4  inch,    contain  94  percent  of  the  sample  lumber. 
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Figure  6.  --Average  sawing  time  per 
log  and  per  M  b.  m.  ,  dry  surfaced 
lumber. 


Sawing  time  per   M  b.  m. 


Sawing  time  per  log 


^  Figure  7.  --Board  average  thickness 

^  variation  --  198  boards. 


28  30  3Z  34  36  38  40 

BOARD  THICKNESS    (1/3Z  INCH) 


SUMMARY 


Engelmann  spruce  is  the  most  important  single  sawtinnber  species  in  Colorado. 
It  contributes  over  50  percent  of  the  annual  sawtimber  supply. 
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To  develop  more  reliable  data  for  Engelmann  spruce  sawtimber  appraisal, 
lumber  grade  recovery  was  studied  at  the  J.  S.  Weidman  mill  in  Durango,  Colorado. 
The  specific  objectives  of  the  study  were:  (1)  to  determine  the  lunnber  grades  and 
volumes  currently  being  recovered  from  Engelmann  spruce  sawtimber,  and  (2)  to 
test  the  feasibility  of  grading  Engelmann  spruce  saw  logs.  In  addition,  variations  in 
log  sawing  time  and  sawing  accuracy  were  investigated. 

A  total  of  67  5  saw  logs    from  7  to  27   inches  in  diameter,    made  up  the  study 
sample.     Of  these,    84  percent  were  scaled  as  sound  or  full-scale  logs. 

The    study  logs  yielded   a  gross    scale  of  66,  040   board  feet.      Deductions    for 
defect  amounted  to  4.  5  percent  of  gross  scale,    or  2,  970  board  feet,  which  left  a  net 
scale    of   63,070   board   feet.      Heart    rot,     the    most   common   defect   encountered, 
accounted  for  44  percent  of  total  cull.     Sweep  and  crook  contributed  29  percent  of 
the  loss. 

Rough  lumber  volume  recovery  totaled  73,  558.8  board  feet.      Volume  losses 
due  to  drying,    surfacing,    and  end-trimming    reduced   total    recovery   to    67,  150.4 
board   feet.      Change -of -grade    and   volume -loss    factors    were    developed   from   a 
sample  of  33,  07  3   board  feet  of  lunnber. 

Log  size  and  overrun  were  significantly  correlated,  with  overrun  greatest 
in  the  smaller  diameter  classes.  Partial-scale  logs  yielded  consistently  higher 
overruns  than  did  full-scale  logs  of  comparable  size. 

Common  lumber  grades   1-2  and  3  contained  over  70  percent  of  total  dry  sur- 
faced  lumber    recovery.      Select   grades    accounted   for    3    percent   of  the    lumber 
recovered;  the  remaining  27  percent  w^as  in  low -common  cind  dimension  grades. 
Select-grade  recovery  improved  as  log  diameter  increased. 

All  study  logs  were  graded  in  accordance  v/ith  a  modification  of  the  trial  log 
grades  developed  for  associated  species  in  the  Pacific  Northwest  region.     Both  log 
grading  and  straight  diameter  classification  accomplished  some  quality  separation, 
although  log  grading  accomplished  very  little    for   logs    smaller   than    14    inches    in 
diameter.     Minimum  diameter  specifications    limit    grading   possibilities    in   these 
size  classes.     In  the  larger  diameter  classes,    where  the    full    range    of   log   grades 
is  applicable,    logs  can  be  separated  as  to  quality  by  means  of  the  log  grade  system. 
To  the  extent  that  quality  separation  is  achieved,    log    grading   appears    to   warrant 
further  consideration. 

Headsaw  time  required  per  unit  of  lumber  produced  varied  inversely  with  log 
diameter.     Study  data  indicated  that   lumber    produced   from   7 -inch   logs    required 
approximately  twice  as  much  headsaw  time  per  M  b.  m.    as    did   lumber    produced 
from  24-inch  logs. 

A  sample  of  the  study  lumber  was  measured  to  determine  dimensional  varia- 
tion.    Board  thickness  averaged  34/32  inches,    and    ranged   from   29/32    to    40/32 
inches.     Ninety -four  percent  of  the  lumber  sampled  fell  within  a  1/4  inch  spread, 
from  31/32  to  38/32  inches. 
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APPENDIX 

Trial  log  grades  developed  for  associated  species  in  the  Pacific  Northwest 
Region,''    June  21,    1955. 

Grade   1  Minimum  diameter  20  inches 

Minimum  length  12  feet 

l6-foot  logs  shall  be  75  percent  surface  clear 

(3  clear  faces  or  12  feet  of  length) 
14-foot  logs  shall  have   12  feet  of  clear  length 
12 -foot  logs  shall  be   100  percent  surface  clear 

2  pin  knots  allov/ed  on  clear  portion  of 

1  6-foot  logs  that  have   3  clear  faces 

Grade  2  Minimum  diameter  16  inches,    minimum  length  12  feet 

Shall  have  trwo  clear  faces  with  one  pin  knot  allowed 
on  one  clear  face 

Grade  3  Minimum  diameter  12  inches,    minimum  length  12  feet 

May  have  knots  in  proportion  to  size  of  logs  as  follows: 
12-inch  logs,    2 -inch  live,    1 -inch  dead 
18-inch  logs,    3-inch  live,    1 -1 /2-inch  dead 
24-inch  logs,    4-inch  live,    2-inch  dead 
30-inch  logs,    5-inch  live,    2 -1 /2 -inch  dead 

One  knot  over  maximum  size  permitted 

Grade  4  Minimum  diameter  6  inches,    minimum  length  8  feet.     Shall 

include  logs  not  considered  merchantable  in  the  above  classes 

Knot  clusters    Knot  clusters  other  than  the  sap  knot  type   (adventitious  buds) 
shall  be  treated  the  same  as  a  single  knot  of  the  same  size  as 
the  cluster.     Sap  knot  clusters  shall  be  treated  the  same  as 
the  largest  limb  or  knot  in  the  cluster 


^  The  trial  log  grades  were  applied  as  written,  with  these  exceptions: 
minimum  diameter  limits  were  reduced  to  16  inches  in  grade  1,  14  inches  in 
grade  2,  and  10  inches  in  grade  3;  10-inch  grade  3  logs  may  have  1-3/4-inch 
live,    3/4-inch  dead  knots. 
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Table   10.  --Average  net  scale,    lumber  recovery,    and  log  values  for  log  grades   1-4,    16-foot  logs 


Log 
diameter 
(inches) 


Full-scale     logs 


Net  Dry 

Log  s:Scribner;  surfaced 
;    scale      :recovery 


Log 
value 


P a r t i a  1  - s c a  1 e     logs 


Logs 


Net 
Scribner:  surfaced 
scale      :recovery 


Log 
value 


All     logs 


Net  Dry 

Logs:  Scribner:  surfaced 
:    scale      : recovery 


Log 
value 


No. 


Board  feet 


Dollars       No. 


Board  feet 


Dollars        No. 


Board  feet 


Dollars 


17 
21 

24 


180 
300 


164.0 
320.0 


13.  56 
29.  31 


LOG     GRADE     1 


390 


372.0        41.38 


1  180 

1  300 

1         390 


164.0  13.56 
320.0  29.31 
372.0        41.38 


14 
15 
16 
17 
18 

19 
20 
21 
22 
23 


10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
27 


7 

8 

9- 
10 
11 

12 
13 
14 
15 
16 

17 

19 


LOG     GRADE     2^ 

2 

110 

141.4 

12.24 

.. 

.. 

2 

110 

134.  3 

11.99 

9 

140 

154.7 

12.70 

2 

110 

131.  1 

12.48 

11 

135 

148.  5 

12.  52 

3 

160 

170.8 

13.60 

5 

135 

152.7 

13.06 

8 

143 

165.  1 

13.42 

2 

180 

189.7 

14.94 

4 

153 

174.6 

13.95 

6 

161 

184.0 

14.67 

5 

210 

211.4 

16.72 

2 

165 

197.  1 

15.  17 

7 

197 

205.  1 

16.29 

2 

240 

235.8 

18.94 

2 

170 

219.9 

16.71 

4 

205 

228.6 

18.26 

3 

280 

263.1 

21.60 

-- 

-- 

-- 

-- 

3 

280 

254.  5 

20.60 

2 

300 

293.  1 

24.  70 

-- 

-- 

-- 

-- 

2 

300 

282.6 

23.29 

1 

330 

326.0 

28.24 

1 

270 

291.  1 

23.24 

2 

300 

313.  1 

26.  35 

1 

380 

361.6 

32.22 

1 

300 

315.8 

26.06 

2 

340 

345.8 

29.76 

LOG     GRADE     3^ 

5 

60 

61.0 

4.94 

2 

35 

38.1 

2.55 

7 

53 

52.2 

3.91 

22 

70 

75.0 

5.93 

5 

46 

59.9 

4.46 

27 

65 

70.  3 

5.40 

48 

80 

90.2 

7.01 

5 

62 

81.3 

6.27 

53 

78 

88.6 

6.87 

53 

100 

106.5 

8.20 

5 

80 

102.3 

7.99 

58 

98 

107.0 

8.  31 

42 

110 

124.0 

9.  50 

5 

90 

122.8 

9.61 

47 

108 

125.6 

9.73 

28 

140 

142.8 

10.89 

5 

108 

142.8 

11.13 

33 

135 

144.4 

11.  12 

25 

160 

162.7 

12.  39 

6 

140 

162.4 

12.56 

31 

156 

163.  3 

12.  50 

9 

180 

183.8 

13.99 

5 

162 

181.6 

13.89 

14 

174 

182.4 

13.85 

9 

210 

206.  1 

15.70 

5 

164 

200.2 

15.  12 

14 

194 

201.6 

15.  18 

4 

240 

229.6 

17.  50 

3 

193 

218.  5 

16.25 

7 

220 

Z21.0 

16.48 

2 

280 

2  54.3 

19.41 

3 

237 

2  36.2 

17.29 

5 

254 

240.  5 

17.76 

2 

300 

280.1 

21.42 

1 

260 

253.5 

18.23 

3 

287 

260.2 

19.02 

-- 

-- 

-- 

-- 

2 

210 

270.4 

19.08 

2 

210 

280.  1 

20.26 

1 

380 

335.5 

25.76 

-- 

-- 

286.8 

19.82 

1 

380 

300.  1 

21.47 

-- 

-- 

-- 

-- 

1 

500 

347.9 

21.84 

1 

500 

381.8 

26.  10 

LOG     GRADE     4^ 

19 

30 

27.2 

1.99 

2 

15 

27.0 

1.96 

21 

29 

27.  7 

2.04 

50 

30 

35.9 

2.68 

1 

20 

33.3 

2.43 

51 

30 

35.8 

2.67 

56 

40 

45.7 

3.45 

2 

30 

41.8 

3.04 

58 

40 

45.2 

3.40 

48 

60 

56.8 

4.  30 

9 

42 

52.5 

3.81 

57 

57 

56.  1 

4.21 

37 

70 

69.0 

5.22 

12 

56 

65.3 

4.74 

49 

67 

68.  3 

5.  12 

6 

80 

82.4 

6.21 

7 

64 

80.  3 

5.81 

13 

72 

81.9 

6.12 

7 

100 

97.0 

7.29 

1 

90 

97.4 

7.04 

8 

99 

97.0 

7.21 

4 

110 

112.8 

8.42 

1 

80 

116.7 

8.42 

5 

104 

113.4 

8.  39 

3 

140 

129.7 

9.64 

-- 

-- 

-- 

-- 

3 

140 

131.  1 

9.67 

1 

160 

147.9 

10.93 

-- 

-- 

-- 

-- 

1 

160 

150.  3 

11.03 

._ 

__ 

__ 

" 

1 

160 

187.6 

13.48 

1 

160 

170.9 

12.49 

1 

240 

209.4 

15.26 

-- 

-- 

-- 

-. 

1 

240 

216.  1 

15.68 

Due  to  the  extremely  small  sample  of  grade  1  logs,    regression  estimates  of  lumber  recovery  and  log  value 
sre  not  computed.     Lumber  recovery  and  log  value  were  computed  directly  from  raw  data. 

Dry  surfaced  volume  recovery  and  log  value  are  predicted  values  computed  from  regressions. 
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Table   1  1.  --Percentage  lumber  grade  recovery,    dry  finished  basis  --  log  grade   l' 


Log 

diameter 

(inches) 

Logs 

Select 

Common 

Dimen  - 
sion 

Value 

B  and     : 
better     : 

C          \ 

D 

1-2      ;       3       ; 

4       ; 

5 

per  M  b.  m. 

No. 

Dollars 

FULL-SCALE     LOGS 

17 

1 

8.  1 

1.6 

2.6 

13.9              43.0 

28.6 

2.2 

0 

82.68 

21 

1 

11.3 

2.  3 

3.6 

32.6              39.7 

9.  5 

1.0 

0 

91.  59 

PARTIAL -SCALE      LOGS 

24 

1 

30.4 

6.  1 

9.7 

16.3               18.8 
ALL     LOGS 

10.7 

2.2 

5.8 

111.24 

17 

1 

8.  1 

1.6 

2.  6 

13.9              43.0 

28.6 

Z.Z 

0 

82.  68 

21 

1 

11.  3 

2.  3 

3.6 

32.6              39.7 

9.5 

1.0 

0 

91.  59 

24 

1 

30.4 

6.  1 

9.7 

16.3              18.8 

10.7 

2.2 

5.8 

111.  24 

All  grade   1    study  logs  were   16  feet  in  length. 


Table    12.  --Percentage  lumber  grade   recovery,    dry  finished  basis   --  log  grade  2' 


Log 
diameter 
(inches) 

Logs 

Select 

Common 

Dimen  - 
sion 

Value^ 

B  and 
better 

C 

D 

1-2 

3        ; 

4     i 

5 

per  Mb.  m. 

No. 

"D                            ♦ 

Dollars 

FU  L 

L  -SC  ALE      LOGS 

14 

2 

2.9 

0.6 

0.9 

35.8 

46.9 

12.2 

0.7 

0 

86.  54 

15 

9 

4.  5 

.9 

1.  5 

23.4 

51.0 

16.7 

1.  1 

0.9 

82.  09 

16 

3 

9.4 

1.9 

3.0 

29.4 

43.  5 

11.8 

1.0 

0 

79.63 

17 

2 

3.0 

.6 

1.0 

9.4 

61.8 

22.8 

1.  4 

0 

78.77 

18 

5 

3.8 

.8 

1.2 

19.0 

53.  1 

19.9 

1.  3 

1.0 

79.  12 

19 

2 

2.9 

.6 

.9 

35.0 

48.  5 

11.5 

.6 

0 

80.  32 

20 

3 

7.0 

1.4 

2.2 

19.4 

51.3 

17.4 

1.  3 

0 

82.  11 

21 

2 

1.  3 

.  3 

.4 

22.  1 

49.  5 

24.9 

1.  5 

0 

84.27 

22 

1 

11.0 

2.2 

3.  5 

13.7 

43.6 

24.0 

2.  0 

0 

86.  64 

23 

1 

15.8 

3.2 

5.  1 

18.9 

34.5 

15.  3 

1.7 

5.  5 

89.  10 

PART 

[AL-SCALE      LOGS 

15 

2 

14.2 

2.9 

4.6 

31.6 

31.8 

13.4 

1.  5 

0 

95.  19 

16 

5 

4.7 

.9 

1.5 

21.9 

43.7 

25.  1 

2.2 

0 

85.  53 

17 

4 

9.9 

2.0 

3.2 

27.7 

43.0 

13.0 

1.2 

0 

79.89 

18 

2 

4.  5 

.9 

1.4 

11.0 

36.5 

39.8 

5.9 

0 

76.98 

19 

2 

1.8 

.4 

.6 

9.  1 

35.  1 

44.2 

6.4 

2.4 

75.  97 

22 

1 

0 

0 

0 

12.  1 

50.  5 

31.8 

1.9 

3.7 

79.84 

23 

1 

12.8 

2.6 

4.  1 

5.2 

33.0 

24.  1 

2.2 

16.0 

82.  54 

ALL 

LOGS 

14 

2 

2.9 

0.6 

0.9 

35.8 

46.  9 

12.2 

0.7 

0 

89.  25 

15 

11 

6.  1 

1.2 

2.0 

24.8 

47.  9 

16.  1 

1.  1 

0.8 

84.  31 

16 

8 

6.7 

1.  3 

2.  1 

25.0 

43.6 

19.6 

1.7 

0 

81.28 

17 

6 

7.6 

1.  5 

2.4 

21.6 

49.4 

16.3 

1.2 

0 

79.  77 

18 

7 

4.0 

.8 

1.  3 

16.8 

48.8 

25.  1 

2.5 

.7 

79.40 

19 

4 

2.4 

.  5 

.8 

23.0 

42.2 

26.7 

3.  3 

1.  1 

79.88 

20 

3 

7.0 

1.4 

2.2 

19.4 

51.  3 

17.4 

1.  3 

0 

80.  95 

21 

2 

1.  3 

.  3 

.4 

22.1 

49.  5 

24.9 

1.  5 

0 

82.42 

22 

2 

5.8 

1.2 

1.9 

12.9 

46.7 

27.7 

2.  0 

1.8 

84.  15 

23 

2 

14.  5 

2.9 

4.6 

12.8 

33.8 

19.3 

1.9 

10.2 

86.05 

All  grade  Z  study  logs  were   16  feet  in  length. 

Value  per  M  b.m.    is  based  upon  predicted  average  log  volume   recovery  and  log  value,    computed  from 


regressions. 
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Table   13.  --Percentage  lumber  grade  recovery,    dry  finished  basis   --  log  grade  3 


Log 

diameter 

(inches) 

Logs 

Select 

Common 

Dimen- 
sion 

Value' 

B  and 
better 

c       ; 

D 

1-2         ■ 

3            ■ 

4 

■           5 

per  M  b.  m. 

-  -  Percent 
L  -SC  ALI 

Dollars 

1  6 -foot  logs  : 

FUL 

:     LOGS 

10 

5 

1.2 

0.2 

0.4 

26.7 

48.  6 

20.8 

2.  1 

0 

80.93 

11 

22 

.7 

.  1 

.2 

32.9 

48.  3 

16.6 

1.2 

0 

79.00 

12 

48 

1.2 

.  3 

.4 

29.3 

49.8 

17.8 

1.0 

.2 

77.78 

13 

53 

.9 

.2 

.  3 

26.7 

50.5 

19.9 

1.4 

.  1 

77.02 

14 

42 

.9 

.2 

.  3 

23.3 

54.7 

19.3 

1.3 

0 

76.  56 

15 

28 

1.8 

.4 

.6 

21.4 

51.2 

23.0 

1.6 

0 

76.29 

16 

25 

1.2 

.2 

.4 

18.8 

52.8 

24.8 

1.8 

0 

76.  16 

17 

9 

1.9 

.4 

.6 

20.2 

53.7 

21.1 

1.5 

.6 

76.  13 

18 

9 

1.0 

.2 

.3 

19.8 

46.7 

25.8 

5.2 

1.0 

76.  16 

19 

4 

0 

0 

0 

13.8 

61.0 

21.8 

1.2 

2.2 

76.23 

20 

2 

3.  5 

.7 

1.  1 

28.  1 

52.9 

13.0 

.7 

0 

76.  34 

21 

2 

3.  1 

.6 

1.0 

25.6 

53.  1 

15.7 

.9 

0 

7  6.47 

23 

1 

1.5 

.  3 

.5 

13.9 

38.0 

37.2 

2.5 

6.  1 

76.78 

Shorter  lo 

gs_: 

11 

6 

2.  1 

.4 

.7 

24.  3 

54.  3 

17.2 

1.0 

0 

76.42 

12 

4 

0 

0 

0 

17.6 

61.7 

19.7 

1.0 

0 

76.03 

13 

3 

0 

0 

0 

20.4 

42.0 

35.  3 

2.3 

0 

75.  53 

14 

2 

0 

0 

0 

19.3 

55.8 

23.6 

1.3 

0 

74.93 

15 

1 

0 

0 

0 

41.  1 

48.4 

10.  1 

.4 

0 

74.23 

16 

1 

0 

0 

0 

31.3 

35.2 

31.5 

2.0 

0 

73.  57 

17 

2 

.9 

.2 

.  3 

11.7 

48.  3 

24.6 

12.  3 

1.7 

72.43 

1  6 -foot  lof 

!S_: 

PARTIAL-SCALE     LOGS 

10 

2 

0 

0 

0 

25.5 

50.0 

23.  1 

1.4 

0 

66.96 

11 

5 

0 

0 

0 

18.6 

41.2 

37.8 

2.4 

0 

74.42 

12 

5 

0 

0 

0 

18.2 

45.2 

34.4 

2.2 

0 

77.  13 

13 

5 

4.0 

.8 

1.  3 

21.8 

47.9 

22.7 

1.5 

0 

78.  11 

14 

5 

0 

0 

0 

21.  5 

55.7 

21.6 

1.2 

0 

78.26 

15 

5 

5.9 

1.2 

1.9 

23.3 

44.2 

19.7 

3.8 

0 

77.94 

16 

6 

3.0 

.6 

1.0 

19.9 

46.  5 

27.2 

1.8 

0 

77.  32 

17 

5 

4.  3 

.9 

1.4 

17.  5 

45.  1 

27.0 

2.8 

1.0 

76.49 

18 

5 

.4 

.  1 

.  1 

14.2 

43.2 

35.8 

4.0 

2.2 

75.50 

19 

3 

3.9 

.8 

1.2 

13.3 

38.2 

37.  5 

2.7 

2.4 

74.40 

20 

3 

.7 

.2 

.2 

9.7 

36.8 

41.1 

8.9 

2.4 

73.20 

21 

1 

0 

0 

0 

26.3 

52.0 

20.    6 

1.1 

0 

71.91 

22 

2 

1.  1 

.2 

.4 

1.8 

15.2 

72.5 

7.5 

1.3 

70.55 

27 

1 

0 

0 

0 

.2 

7.  1 

76.5 

16.2 

0 

62.78 

Shorter  lo 


16 


SS_: 


16 -foot  logs: 


10 

7 

11 

27 

12 

53 

13 

58 

14 

47 

15 

33 

16 

31 

17 

14 

18 

14 

19 

7 

20 

5 

21 

3 

22 

2 

23 

1 

27 

1 

Shorter 

logs: 

11 

6 

12 

4 

13 

3 

14 

2 

IS 

1 

16 

2 

17 

2 

.9 

.6 

1.  1 

1.2 

.8 

2.4 

1.  5 
2.7 

.8 
1.7 
1.9 

2.  1 
1.  1 
1.  5 
0 


2.  1 

0 
0 
0 
0 
0 


14.8 


43.  1 


39.5 


2.6 


.2 
.  1 

•^ 

.2 
.2 
.  5 
.  3 
.  5 
.2 
.  3 
.4 
.4 
.2 
.  3 


ALL 

LOGS 

.  3 

26.4 

49.0 

21.  3 

1.9 

0 

.2 

30.5 

47.  1 

20.  1 

1.4 

0 

.  4 

28.4 

49.5 

19.1 

1.  1 

.2 

.4 

26.  3 

50.  3 

20.1 

1.4 

.  1 

.2 

23.  1 

54.8 

19.6 

1.3 

0 

.8 

21.7 

50.  1 

22.5 

2.0 

0 

.  5 

19.0 

51.7 

25.2 

1.8 

0 

.9 

19.3 

50.9 

23.1 

1.9 

.7 

.  3 

17.8 

45.4 

29.3 

4.8 

1.4 

.6 

13.6 

50.9 

28.8 

1.8 

2.3 

.6 

17.  3 

43.5 

29.4 

5.5 

1.4 

.7 

25.8 

52.8 

17.  3 

.9 

0 

.4 

1.8 

15.2 

72.5 

7.5 

1.3 

.5 

13.9 

38.0 

37.2 

2.5 

6.  1 

.2 

7.  1 

76.5 

16.2 

0 

.7 

24.3 

54.3 

17.2 

1.0 

0 

17.6 

61.7 

19.7 

1.0 

0 

20.4 

42.0 

35.3 

2.3 

0 

19.3 

55.8 

23.6 

1.3 

0 

41.  1 

48.4 

10,1 

.4 

0 

22.8 

39.3 

35.6 

2.3 

0 

.  3 

11.7 

48.  3 

24.6 

12.3 

1.7 

72.  33 

74.93 
76.79 
77.49 
77.62 
77.43 
77.05 
76.  54 
7  5.94 
75.29 

74.  59 
73.85 

73.  10 
72.  33 
71.55 
68.  36 

76.42 
76.03 

75.  53 

74.  93 
74.23 
7  3.40 
72.43 


Value  per  M  b.m  is  based  upon  predicted  average  log  volume  recovery  and  log  value,    computed  from 
regressions. 
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Table    14,  --Percentage  lumber  grade  recovery,    dry  finished  basis   --  log  grade  4 


Log 
diameter 
(inches) 

Logs 

Select 

1  -2 

Common 
■            3           ■           4 

5 

Dimen  - 
sion 

Value' 

B  and 
better 

'.       c 

■            D 

per  M  b.  m. 

No. 

■ 

-    -  Percent   -   -   -   -   - 

Dollars 

16 -foot 

log 

s  : 

FULL-SCALE     LOGS 

7 

19 

0 

0 

0 

10.7 

43.  1 

18.7 

4.  0 

23.  5 

73.  12 

8 

50 

.  3 

.  1 

.  1 

18.  1 

49.7 

28.  3 

2.4 

1.0 

74.80 

9 

56 

.  5 

.  1 

.2 

20.  5 

53.  5 

22.9 

1.9 

.  4 

75.  50 

10 

48 

.  1 

0 

0 

26.8 

52.4 

19.6 

1.  1 

0 

75.69 

11 

37 

1.7 

.  3 

.  5 

20.4 

53.4 

21.9 

1.8 

0 

75.60 

IZ 

6 

1.0 

.2 

.  3 

26.6 

54.2 

16.8 

.9 

0 

75.  36 

13 

7 

.  3 

.  1 

.  1 

9.  1 

54.6 

32.7 

3.  1 

0 

75.03 

14 

4 

.8 

.2 

.  3 

6.7 

63.  1 

27.  3 

1.6 

0 

74.  68 

15 

3 

0 

0 

0 

21.6 

54.  9 

22.3 

1.2 

0 

74.  30 

16 

1 

0 

0 

0 

25.5 

58.  5 

15.  3 

.7 

0 

73.93 

19 

1 

0 

0 

0 

15.7 

49.4 

27.2 

1.6 

6.1 

72.87 

Shorter 

log 

s : 

7 

1 

0 

0 

0 

0 

8.8 

85.3 

5.9 

0 

72.48 

8 

9 

0 

0 

0 

7.2 

48.2 

35.4 

2.2 

7.0 

72.91 

9 

7 

0 

0 

0 

13.8 

59.0 

22.8 

1.  3 

3.  1 

73.41 

10 

7 

0 

0 

0 

10.6 

60.8 

23.6 

1.3 

3.7 

73.93 

11 

3 

7.  3 

1.  5 

2.  3 

20.2 

48.4 

18.8 

1.5 

0 

74.43 

12 

3 

0 

0 

0 

18.  5 

59.  1 

21.  3 

1.  1 

0 

74.91 

13 

2 

0 

0 

0 

8.0 

60.7 

29.5 

1.8 

0 

75.36 

16 

1 

0 

0 

0 

7.7 

72.8 

18.6 

.9 

0 

75.79 

18 

1 

4.8 

1.0 

1.  5 

15.9 

60.4 

15.4 

1.0 

0 

76.  19 

16 -foot  log 

s : 

PARTIAL -SCALE      LOGS 

7 

2 

0 

0 

0 

3.8 

36.  3 

21.9 

1.  5 

36.5 

72.  53 

8 

1 

0 

0 

0 

2.8 

31.  1 

61.9 

4.  2 

0 

72.73 

9 

2 

0 

0 

0 

5.4 

52.  5 

39.6 

2.  5 

0 

72.75 

10 

9 

.  3 

.  1 

.  1 

16.6 

50.4 

30.6 

1.9 

0 

72.67 

11 

12 

.6 

.  1 

.  2 

14.  5 

37.8 

42.  1 

4.7 

0 

72.55 

12 

7 

0 

0 

0 

12.7 

43.  5 

37.6 

4.  4 

1.8 

72.42 

13 

1 

0 

0 

0 

14.6 

49.8 

33.  5 

2.  1 

0 

72.29 

14 

1 

2.0 

.4 

.7 

13.8 

24.2 

41.9 

3.0 

14.0 

72.  17 

17 

1 

0 

0 

0 

8.  5 

56.2 

33.  3 

2.0 

0 

71.87 

16 -foot 

log 

s : 

ALL 

LOGS 

7 

21 

0 

0 

0 

10.  1 

42.  5 

19.0 

3.8 

24.6 

73.75 

8 

51 

.3 

.  1 

.  1 

17.9 

49.  5 

28.7 

2.4 

1.0 

74.77 

9 

58 

.  5 

.  1 

.2 

20.0 

53.4 

23.  5 

1.9 

.4 

75.  13 

10 

57 

.  1 

0 

.  1 

25.  1 

52.  1 

21.4 

1.2 

0 

75.  14 

11 

49 

1.4 

.3 

.  5 

19.  1 

49.9 

26.4 

2.4 

0 

74.95 

12 

13 

.  5 

.  1 

.  2 

19.  1 

48.  4 

27.9 

2.8 

1.0 

74.68 

13 

8 

.2 

.  1 

.  1 

9.9 

54.0 

32.8 

2.9 

0 

74.36 

14 

5 

1.  0 

.2 

.  3 

7.9 

56.8 

29.7 

1.8 

2.  3 

74.03 

15 

3 

0 

0 

0 

21.6 

54.9 

22.  3 

1.2 

0 

73.70 

16 

1 

0 

0 

0 

25.5 

58.  5 

15.3 

.7 

0 

7  3.39 

17 

1 

0 

0 

0 

8.  5 

56.2 

33.3 

2.0 

0 

7  3.08 

19 

1 

0 

0 

0 

15.7 

49.4 

27.2 

1.6 

6.  1 

72.  53 

Shorter 

log 

6 : 

7 

1 

0 

0 

0 

0 

8.8 

85.  3 

5.9 

0 

72.48 

8 

9 

0 

0 

0 

7.2 

48.2 

35.4 

2.2 

7.0 

72.91 

9 

7 

0 

0 

0 

13.8 

59.0 

22.8 

1.  3 

3.  1 

73.41 

10 

7 

0 

0 

0 

10.6 

60.8 

23.6 

1.  3 

3.7 

73.93 

11 

3 

7.  3 

1.  5 

2.  3 

20.2 

48.4 

18.8 

1.  5 

0 

74.43 

12 

3 

0 

0 

0 

18.  5 

59.  1 

21.  3 

1.  1 

0 

74.91 

13 

2 

0 

0 

0 

8.0 

60.7 

29.5 

1.8 

0 

75.36 

16 

1 

0 

0 

0 

7.7 

72.8 

18.6 

.9 

0 

75.79 

18 

I 

4.8 

1.0 

1.5 

15.9 

60.4 

15.4 

1.0 

0 

76.  19 

Value  per  M  b.m.    is  based  upon  predicted  average  log  volume   recovery  and  log  value,    computed  from 
regressions. 
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VOLUME,  TAPER,  AND  RELATED  TABLES  FOR 
SOUTHWESTERN  PONDEROSA  PINE 

by 

Clifford  A.    Myers 


INTRODUCTION 

The  tables  presented  here  give  the  basic  mensurational  values  needed  to 
measure  ponderosa  pines  (Pinus  ponderosa  Laws.  )  in  Arizona  and  New  Mexico. 
They  provide  timber  cruisers  and  growth  estimators  with  the  following: 

1.  Volumes  in  cubic  feet  to  various  limits  of  utilization. 

2.  Volumes  in  board  feet.    International  1/4-inch  and  Scribner  log 
rules. 

3.  Scaling  diameters  of  each  log  in  trees  of  various  diameter  and 
merchantable  height  classes. 

4.  Distribution  of  board-foot  volume  among  the  logs  of  a  tree. 

5.  Volumes  of  merchantable  top  wood  as  percentages  of  merchantable 
cubic  feet  to  a  4.  0-inch  top. 

Sample  trees  were  measured  in  all  areas  of  commercial  ponderosa  pine  in 
Arizona  and  Nev/  Mexico.^     Standards  conformed  to  the  needs  of  Forest  Survey  and 
the  National  Forests  of  the  Southwestern  Region. 

Separate  volume  and  taper  tables  were  prepared  for  blackjack  and  old-growth 
ponderosa  pines.  Blackjacks  and  old-growth  pines  of  equal  diameter  and  height 
differ  in  taper  ajid  volume.^  Blackjack  pines  are  immature  or  young  mature  trees 
with  dark  bark  and  relatively  rapid  taper.  Old-grov/th  pines  have  yellowish  bark, 
often  in  broad,  flat  plates,  and  less  taper  than  blackjacks.  Trees  in  these  two 
groups  have  been  tallied  separately  in  cruising  and  other  measurement  work  in 
the  South'west  for  many  years. 


^     Field  measurements  w^ere  made  by  personnel  of  the  Southwestern  Region, 
U.    S.    Forest  Service,    under  the  direction  of  Mr.    Frank  Bell. 

^     Hornibrook,    Ezra  M.      Scribner  volume  tables  for  cut-over  stands  of 
ponderosa  pine  in  Arizona.      Jour.    Agr.    Res.    5Z :    961-974.      1936. 
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DEFINITIONS   AND    STANDARDS 

Definitions  of  variables  used  in  the 
tables,    and  of  standards  followed  in  field 
measurement  and  computations  are  as 
follows  : 

Diameter  breast  high  (d.  b.  h.  ).  -- 
Measured  to  0.  1   inch  outside  bark 
4.  5  feet  above  ground  level  at  the 
uphill  side  of  the  tree.      Full -inch 
diameter  classes,    with  class  mid- 
points at  the  half -inch  marks,  were 
used  in  the  tables  (12.5,   13.5,  etc.  ). 

Scaling  diameter  of  logs.  --Average 
diameter  inside  bark  to  0.  1   inch, 
measured  at  the  upper  (small)  end 
of  logs  or  half -logs.     Saw  log  dia- 
meter classes  followed  conventional 
scaling  practice  v/ith  the  class  mid- 
points at  even  inches  (8.  0,   9.  0,  etc.  ). 

Minimum  top  diameter  of  saw^timber 
trees.  --Diameter  inside  bark  that 
represents  average  full  saw  log  uti- 
lization of  Southwestern  ponderosa 
pine.      Logs  Avith  a  scaling  diameter 
less  than  7.  6  inches   (8 -inch  class) 
were  not  included  in  saw  log  volume, 
which  conforms  to  the  practice  in 
most  of  Arizona  and  New  Mexico. 
The  average  minimum  top  diameters, 
inside  bark,    used  in  computing  tree 
volumes  were: 
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Total  height.  --Measured  from 
ground  level  at  the  uphill  side   of 
the  tree  upward  to  the  tip.     Forked, 
stag -topped,    or  other  deformed 
trees    were    not    included    in   the 
sample.     Midpoints   of  the   total 
height  classes  used  in  the  tables 
were  multiples  of  10.  0  feet. 

Height  in  logs.  --Measured  from 
the  top  of  a  stump  1 .  0  foot  high  up- 
ward to  the  limit  of  saw  log  utili- 
zation.   Each   tree   was    divided 
into  as  many  standard  16.  5 -foot- 
long  logs  as  possible.     An  addi- 
tional half -log,     if   present,     was 
taken  from  the  uppermost  part  of 
the  merchantable  length.    Portions 
of   the    bole    above    the   height   of 
minimum  top  saw  log  diameter 
were  included  in  the  uppermost 
saw  log  if  the  standard  length  of 
the  log  or  half -log    ended   within 
4.0  feet  above  this  height.     This 
was  done  to  avoid  biased  negative 
error  in  volumes*  and  positive 
error  in  top  diameter  averages. 


EXPLANATION   OF    TABLES 

The  general   definitions    and  stand- 
ards given  apply  to  all  tables.    Explanation 
of  each  type  of  table  and  suggestions  for 
use  are  presented  here. 


VOLUME    TABLES 

Headings  and  footnotes  with  each 
volume  table  (tables  la-8b)  give  the 
volume  unit,  type  of  height  measure- 
ment, and  utilization  standards  used  in 
its  compilation.  Ten -foot  or  half -log 
height  classes  and  full-inch  diameter 
classes  were  used  in  all  tables. 


Chapman,    Herman  H.  ,    and 
Meyer,    Walter  H.      Rules  for  measuring 
standard  merchantable  heights,    p.    92. 
In  Forest  Mensuration.     522  pp.  ,    illus. 
New  York:   McGraw-Hill  Book  Co.    1950. 


The  volume  tables  were  derived  from  linear  regressions  in  V  and  D^H,  given 
in  the  footnotes,    of  the  form: 

V  =  a  +  b  D^H,    where: 

V  =  gross  volume  in  the  appropriate  unit 

D  =  diameter  breast  high  outside  bark 

H  =  total  height  in  feet  or  merchantable  height  in  logs 

a,  b  =  regression  constants 

Equations  for  cubic  volumes  of  sawtimber  trees,  with  heights  in  feet,  apply- 
over  the  full  range  of  the  basic  data.  Other  equations  correctly  expressed  the 
relationship  between  volume  and  D  H  except  for  the  smallest  trees  or  the  lowest 
values  of  D^  H.  Tabular  volumes  for  values  of  D^H  below  the  limits  given  with 
these  equations  were  determined  directly  from  the  basic  data  as  separate  linear 
relationships. 

The  number  of  logs  in  a  tree  shown  in  the  tables  is  not  necessarily  the  number 
that  will  actually  be  cut  from  it.     Instead,    it  is  the  number  of  logs  between  the  stump 
and  the  height  where  minimum  top  diameter  is  reached.     To  locate  the  minimum  top, 
the  "4 -foot  rule"  explained  on  page  Z  should  be  used. 

Volume  of  nonmerchantable  logs  below  the  height  of  minimum  top  diameter 
should  be  deducted  according  to  the  percentages   in  table   10,    not  by  tallying  fewer 
logs  in  the  tree.      For  example,    assume  that  a  sound  blackjack  30  inches  in   dia- 
meter has  a  bole  length  of  82.  5  feet    (5  logs)   between   the    stump   and   the   height 
■where  diameter  inside  bark  is   11   inches.     The  tree  has  a  gross  volume  of  1,  344 
board  feet  Scribner  rule   (table  6a).      The  top  log  is  too  limby  to  send  to  the  saw- 
mill.     This  log  contains  4  percent  of  the  board  feet  in  the  tree   (table   10)  and  the 
other  logs  contain  96  percent.      When  4  percent  or  54  board  feet  is  deducted,    the 
tree  contains  1,  290  board  feet.     If  the  tree  were  tallied  as  a  30 -inch,    4-log  tree, 
it  would  be  incorrectly  credited  with  a  volume  of  1,  065  board  feet. 


SCALING   DIAMETERS  OF    LOGS   IN  A   TREE 

Tabulated  scaling  diameters  (tables  9a,  9b)  represent  average  tapers  for  the 
sample  of  trees  measured.  The  ramge  of  tree  diameters  and  heights  is  less  than 
for  the  volume  tables  because  too  few  trees  were  measured  in  some  height  and 
diameter  classes  to  insure  reliable  averages. 

Tree  volumes  obtained  by  summing  the  volumes  of  logs  with  the  indicated 
scaling  diameters  will  not  equal  tree  volumes  in  the  volume  tables.  Taper  tables 
are  constructed  by  averaging  diameters  at  the  taper  points,  while  volume  tables 
are  based  on  averages  of  tree  volumes.  Tree  volumes  computed  from  the  taper 
tables  will  usually  differ  from  volume  table  values  by  less  than  10  percent,  however. 

Top  logs  Ln  the  taper  tables  do  not  always  have  the  minimum  top  scaling  dia- 
meter appropriate  for  the  size  of  tree.      That  is  because  the  saw  log  trees  were  not 
utilized  to  a  fixed  top  diameter,    but  in  lengths  that  were  multiples  of  8.  25  feet.     For 
example,    scaling  diameters  of  top  logs  or  half -logs  of  20 -inch  blackjacks  (table  9a) 
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range    from    9    inches  (4.  5-log  trees)   to    1  1    inches   (2 -log  trees).      However,    most 
sample  trees  20  inches  in  diameter  were  utilized  to  a  9-inch  top. 

Despite  these  limitations,  taper  tables  are  useful  tools  for  tree  measurement. 
One  use  is  for  estimating  volume  by  log-quality  classes.     The  logs  of  a  tree  usually 
differ  in  grade,    but  this  difference  cannot  be  shown  by  the  values  in  a  volume    table. 
If  the    scaling    diameter  and  grade  of  each  log  of  a  tree  is  known,     volumes    in   each 
log-quality  class  can  be  determined. 


PERCENTAGE  OF  TREE  BOARD-FOOT  VOLUME  IN  EACH  LOG 

The  board-foot  volume  in  each  log-quality  class  can  also  be  determined  with 
the  percentages  from  table   10.     Each  line  in  the  body  of  the  table  gives  the  distribu- 
tion of  volume  among  the  logs  of   a   tree   of   specified   diameter    and   merchantable 
length.      In  30 -inch,    3 -log  trees,    the  butt  log  contains  57  percent  of  the  board  feet, 
the  middle  log  contains  32  percent,    and  the  top  log   11  percent.     A  30 -inch,    3 -log 
blackjack  contains  78  5  board  feet  Scribner  rule   (table  6a).      The  volume  of  each  log, 
from  the  butt   upwards,     is    448,    251,    and   86   board   feet.      These    amounts    can   be 
assigned  to  the  proper  log -quality  classes. 

An  important  use  of  table   10  has  already  been  explained  in  the  description  of 
the  volume  tables.     Nonmerchantable  logs  below  the  height  of  minimum  top  diameter 
should  be  deducted  from  tree  volume  by  means    of  the   percentages    shown,    not   by 
tallying  fewer  logs  in  the  tree. 

The  percentages  in  table   10  can  be  used  for  both  old -growth  and  blackjack 
ponderosa  pines,    and  with  both  the  Scribner  and  International  1/4-inch  log  rules. 
Percentages  for  diameters  that  are  not  included  can  be  obtained  by  interpolation. 


CONVERSION    FACTORS    FOR    VOLUME   OF    MERCHANTABLE    TOPS 

Wood  4.  0  inches  in  diameter  or  larger    inside   bark  that  is  not  harvested  for 
saw  logs  is  often  suitable  for  pulpwood.     Top  wood  volumes  canbe  computed  directly 
by  means  of  the  appropriate  volume  tables   (tables  2a,  4a;  2b,  4b)  but  it  is    sometimes 
more  convenient  to  obtain  them  by  converting  other  measures  of  volume. 

The  conversion  factors   (table   11)  were  obtained  by  determining  for   each  tree 
the  percent  volume  of   sapwood  from  the  formula: 

Volume  from  upper  limit  of  utilization  for  saw  logs 

to  4.  0  inches  d.  i.  b.  X     100 

Merchantable  cubic -foot  volume,   stump  to  4.  0-inch  top 

The  resulting  percentages  were  then  smoothed  graphically. 

Each  conversion  factor  is  the  average  percentage  of  merchantable  cubic -foot 
volume  (tables  2a,    2b,    3a,    3b)  left  in  the  tops  after  saw  log  harvest.      For  example, 
a  stand  containing  1,  000  merchantable  cubic  feet  of  wood  in  old-growth  trees   13.  0 
to  14.  9  inches  diameter  has   1000  X    0.  191  or   191  cubic  feet  of  usable  top  wood.    ■ 


Table   la.  --Volumes  of  entire  stem  in  cubic  feet,    blackjack  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark 


Entire  stem  including  stump  and  top 


Total  height  above  ground 


Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.002103  D^H  -  1.  091458  ior  D^  H  larger  than  6.  000. 

Standard  error  of  estimate:        ±  16.48  percent. 

Diameter  classes  full-inch;  e.  g.    20-inch  class  includes  20.  0  to  20.  9. 
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Table   lb.  --Volumes  of  entire  stem  in  cubic  feet,    old-growth  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark 
Entire   stem  including  stump  and  top 


Total  height  above  ground 
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8 
0 
5 
3 

5 
9 
7 
9 

3 

1 
2 
6 

3 

28. 
33. 
38. 
43. 

49. 
56. 
62. 
69. 

77. 
84. 
92. 
101 

110 
119 
129 
139 

149 
160 
171 
182 

194 
206 
219 

4 
2 
3 
8 

7 
0 
6 
6 

0 
7 
8 

32. 
37. 
43. 
49. 

56. 
63. 
70. 
78. 

86. 

95. 
104 
114 

124 
134 
145 
156 

168 
180 
192 
205 

218 
232 
246 
261 

276 
291 
307 
323 

0 

35. 

6 

21 

13 
14 

4 
2 
4 

0 

41. 
48. 

54. 

62. 

6 
0 
9 

3 

25 
18 

15 
16 

21.7 

24.7 

26 
28 

17 
18 

27.8 
31.  1 

34.6 

0 

5 

70. 
78. 

1 
4 
1 

3 

77.  1 
86.  3 

30 
24 

19 
20 

43.4 
48.  0 

4    87. 

7    96. 

4    106 
116 
127 

138 
149 
161 
174 

187 
200 
214 
228 

243 
258 
274 
290 

306 
323 

341 

95.9 
106 

105 
116 

27 

25 

21 

52.8 

117 
128 

127 

138  i 

39 

22 

57.9 
63.2 

J   139 
152 

151 
165 

179 
194 
210 
226 

29 

23 

139 

23 

24 

82. 

89. 

96. 

104 

112 
120 
128 
137 

5 
4 
6 

152 

164   1 

177 

191 

165 

30 

25 

179 

27 

26 
27 

194 
209 

35 
28 

28 

205       224 
220       240 
235       257 
251       274 

267       291 
284       310 
301       328 
319       348 

337       368 
356       388 
37  5       409 
395       431 

415       453 

243 

33 

29 

140 

260 

20 

30 

149 

278 
297 

316 
335 

23 

31 

159 

23 

32 

170 

30 

33 

180 
191 
203 

214 
226 
238 
251 

20 

34 

356 

21 

35 
36 

232 
245 

377 
398 

15 
22 

37 
38 

259 
27  3 
287 

420 
443 

18 
21 

39 

359 

467 

502 

528 
555 
582 
609 

638 
667 
696 
727 

12 

40 

302 
317 

339 

377 

490 
515 

8 

41 

356 

396 
415 

436 

47  5 
499 
522 

9 

42 

374 
392 

410 

457    1 

540 

3 

43 

435 
455 

479 

566 

6 

44 

501 

547 

592 
619 
647 

1 

45 

429 

476 

524 

571 

2 

46 

448 

497 

547 

597 

2 

47 

519 

571 

623 

67  5 

1 

Basis : 
No.  trees 

8 

33 

53 

94 

120 

126 

123 

103        44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.002302  D^  H  -  0.402357. 

Standard  error  of  estimate :    ±  1 1.  44  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 
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Table  2a.  --Merchantable  volumes  in  cubic  feet  to  a  4.  0-inch  top,    blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  4.  0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Total 

height  in 

feet 

Basis: 

outside  bark 
(Inches) 

20 

30 

40 

50 

60 

70 

80     90     100    110 

120 

130 

140 

Trees 

olume  in  cubi 

8.75 

11.0 
13.8 

c  feet 
9 

No. 

2.47 

4.28 
5.77 

67. 
75. 
83. 
93. 

102 
lll2 

2 
3 
9 
0 

134 
146 

158 
171 

172 

200 
216 
2  32 

5 

1  0.87 

1.40 
2.04 
2.78 

1.  94 
2.79 
3.78 
4.91 

6.  18 
7.60 
9.16 
10.9 

12.9 
15.2 
17.7 

10 

6 
7 

1.29 
1.79 
2.35 

2.99 
3.70 
4.48 
5.33 

3.  53 
4.77 
6.19 

7.78 
9.55 
11.5 
14.0 

16.7 
19.6 
22.6 
25.9 

29.4 
33.  1 

20 
11 

8 

3.63 

7.47 

9.  38 
11.  5 
14.  3 
17.2 

20.4 
23.9 
27.6 
31.  5 

35.7 
40.2 
44.8 
49.8 

55.0 
60.4 

12 

9 

4.59 

19 

10 

5.65 

14 

11 

6.82 
8.09 

17.0 
20.4 

24.2 
28.2 
32.  5 
37.  1 

42.0 
47.2 
52.7 
58.4 

64.5 
70.8 

19.7 

22 

12 

23.6 
27.9 

26. 
31. 

34 

13 

9.47 
11.0 
12.8 

7 

33 

14 

32.5 

36. 

8 
4 
3 

41.2 
47.  3 

53.9 

32 

15 

37.  5 

42. 

33 

16 

20.3 

23.  1 
26.  1 
29.2 
32.  5 

42.7  48. 

48.  3   54. 
54.2   61. 
60.5   68. 

67.1  75. 

74.0   83. 

81.2  91. 

88.8  100 
96.7  109 

105    118 
113    128 
122    138 
132    148 

141    159 
151    170 

32 

17 

6 

60.9 

41 

18 

3 
3 

68.3 
76.  1 

36 

19 

37.0 

30 

20 

41.  1 

7 

84.  3 

34 

21 

45.5 
50.0 
54.7 
59.6 

5 

93.  0 

26 

22 

6 

102 

37 

23 

66.  1 

77.4 

HI 
121 

132 
142 
153 

165 

177 
189 
202  [ 

215 

229 
243 
257 
272 

123 

134 

145 
157 
169 
182 

195 
208 

26 

24 

72.0 

84.3 

91.5 
99.0 

32 

2S 

78.2 
84.  6 
91.2 
98.  1 

105 
1  13 
120 
128 

136 

24 

26 

186 
200 
215 

30 

27 

107 
115 

185 

23 

28 

198 
213 

27 

29 

123 
132 

231 

248 

19 

30 

227 
243 
259 

275 
292 
309 
327 

345 

247 
263 

266 
284 
302 

25 

31 

141 
150 

161 

182 

222 

18 

32 

172 

193 

237 

252 
267 
283 
299 

316 
333 

280 
298 

18 

33 

159 

183 

206 

321 

15 

34 

169 
179 
190 

200 
211 

194    218 
205    231 

316 

341 

21 

35 

335 

361  1 

15 

36 

217 

244 

354 

381 

403 
42  5 
447 
47  0 

494 
518 
543 

22 

37 

229 

258 

287 

374 
394 

9 

38 

242 

272 

303 

364 
'383 

4 

39 

255    287 
301 

317 
332 
348 

319 
335 

352 

351 

415 

4 

40 

369 
387 

403 

436 

458 
481 
504 

3 

41 

423 
444 

465 

2 

42 
43 

369 
387  1 

406 
426 

0 
1 

Basis : 
No.  trees 

2   2 

3 

39 

70 

05 

115 

139    127 

103 

58 

16 

12 

4 

313 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  002056  D^H  -  2.  061477  for  D^H  larger  than  6,  500. 

Standard  error  of  estinnate:     ±  14.81  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.  0  to  20.  9. 


Table  2b.  --Merchantable  volumes  in  cubic  feet  to  a  4.0-Lnch  top,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  4.  0  inches   inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Dianneter   [ 
breast  height 

Tot 

al  he 

1 g h  t  in 

f 

26  t 

Basis : 

outside  bark 
(Inches)    [ 

40 

50 

60 

70 

80 

90      100 

110 

120 

130 

140 

Trees 

-  -  - 

-  -  - 

-  - 

- 

-  - 

- 

-  Vo 

I  um  e  in  cubic 

_(_ 

No. 

] 

74.5 
83.5 

101 
112 

122 

255 
27  3 
292 
312 

332 

353 
374 
396 

419 
443 
467  j 

12 

12.7 
15.0 

16.2 
19.  1 
22.  3 
25.6 

29.3 
33.  1 
37.  1 

19. 
23. 
27. 
31. 

35. 
40. 
44. 
50. 

55. 
61. 
67. 
73. 

7 
2 

0 

1 

4 
0 
9 
0 

4 

1 
1 
3 

23. 
27. 
31. 
36. 

41. 
46. 
52. 
58. 

64. 
71. 
78. 
85. 

93. 
101 
109 
118 

127 

2 
3 

7 
5 

5 
9 
6 
6 

9 
5 

5 
7 

3 

26. 
31. 
36. 
41. 

47. 
53. 
60. 
67. 

74. 
81. 
89. 
98. 

107 
116 
125 
135 

145 
156 
166 
178 

189 
201 
213 

7 
4 
5 
9 

7 
8 
3 
2 

4 
9 

Q 

2 

30. 
35. 

41. 
47. 

53. 
60. 
68. 
75. 

83. 

92. 
101 
111 

120 
131 
141 
152 

163 
175 
187 
200 

213 
226 

240 
254 

269 
284 
299 
315 

3 

33. 

8 

21 

13 

5 
2 
3 

8 

39. 

46. 
52. 

60. 

7 
0 
7 

0 

25 

14 

17.  5 

18 

15 
16 

20.2 
23.  1 

26 
28 

17 
18 

26.2 
29.4 
32.9 

7 
0 

67. 
75. 

6 
7 
3 

3 

30 
24 

19 
20 

41.4 
45.9 

7  84. 

8  93. 
4    103 

113 
123 

134 
145 
157 
169 

182 
195 
208 
222 

237 
252 
267 
283 

299 
316 
333 

92.9 

103 
113 
124 

27 
25 

21 

50.7 

124 

134 

39 

22 

55.6 
60.8 

136 
148 

147 
160 

175 
189 
204 
220 

29 

23 

136 

23 

24 

79. 
86. 
93. 
101 

108 
116 
124 

133 

8 

5 
6 

147 
160 
173 
186 

200 
214 
229 

245 

261 
277 
294 
311 

329 
347 
366 
386 

405 
426 

161 

30 

25 

175 

27 

26 
27 

189 
203 

218 
234 
250 
267 

284 
302 
321 
340 

359 
379 
400 
421 

442 
465 
487 
511 

35 
28 

28 

237 

33 

29 

136 

254 

20 

30 

145 

271 
289 

308 
328 

23 

31 

155 

23 

32 

165 

30 

33 

176 
186 
197 

209 
221 
233 

245 

20 

34 

347 

21 

35 
36 

226 
239 

368 
389 

15 
22 

37 
38 

252 
266 
28  0 

411 
433 

18 
21 

39 

350 

456 

491 

516 
542 
569 
596 

624 
652 
681 
711 

12 

40 

294 
309 

331 

368 

479 
503 

8 

41 

348 

387 
406 

9 

42 

365 
38  3 

400 

447 

528 

3 

43 

425 

445 

468 
490 

553 

6 

44 

534 

579 
605 
632 

1 

45 

419 

465 

512 

559 

2 

46 

437 

486 

535 

584 
609 

2 

47 

507 

558 

660 

1 

Basis : 
No.  trees 

8 

33 

53 

94 

120 

126 

123 

103 

44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:    V  =  0.002255  D^  H  -  1.440832. 

Standard  error  of  estimate  :     ±  1 1.  73  percent. 

Diameter  classes  full-inch;   e.    g.    20-inch  class  includes  20.  0  to  20.  9. 
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Table   3a.  --Merchantable  volumes  in  cubic  feet  to  a  4.  0-inch  top,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  4.  0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Nam 

b  e  r  c 

f  m  e 

r  c 

han  t 

able  l6-foo 

t  logs 

Basis: 

outside  bark  ] 
(Inches)    ' 

1.0 

1.  5 

2.0 

2.  5 

3.0 

3. 

5 

4.0 

4.5 

5.0 

5.  5 

6.  0 

6.  S 

7.  0 

Trees 

/  0  1  u  n 

1  e 

1 

7 

i  n  c 
50.7 

ub  i  c  1 

e 

No. 

1  28. -i 

143 

154 
166 

181 

210 
226 

242 

278 
296 
315 

335 
356 
377 

12 

14.0 
15.2 
16.5 
17.9 

17.6 
19.4 
21.  3 
23.4 

25.6 
27.9 

21.2 
23.6 
26.1 
28.9 

31.8 
35.0 
38.3 

24.8 
27.8 
31.0 
34.4 

38.  1 
42.0 
46.  1 
50.  3 

54.7 
59.  3 
64.2 
69.  3 

74.6 

32 

13 
14 

32.  C 
35. £ 
40.  C 

44.-: 
48.' 
53.' 
58.- 

64.  ( 
69.  < 
75.' 
81.' 

87.  < 
94.' 

101 

109 

36. 
40. 

33 
32 

15 

45. 

4 

4 
6 
2 

1 

3 
8 
6 
7 

] 

33 

16 
17 

19.3 
20.9 

1   50. 
)   55. 

61. 

67. 

)   73. 
)   79. 
I       86. 
>   93. 

)  101 

)  109 

117 

125 

134 
143 
152 
162 

172 

56.4 
62.4 
68.8 

75.5 

82.6 
90.  C 
97.8 
106 

114 
123 
132 

142 

152 
162 
173 
184 

195 
207 
219 
231 

244 
257 

62.4 
69.2 

32 
41 

13 

30.4 
33.0 

35.8 
38.7 
41.7 
44.  9 

48.  1 

76.3 
83.9 

83.9 
92.3 

36 

19 

41.8 

30 

20 

45.4 
49.  1 
53.0 

91.9 

101 

34 

21 
22 

100 
109 

110 
120 

26 
37 

23 

57.  1 

118 

128 
138 
148 
159 

170 
181 
193 
206 

218 

232 
245 
259 

273 
288 
303 
319 

130 

26 

24 

61.3 

141 
152 
163 

175 

188 
201 
214 
228 

242 

256 
271 
287 

303 
319 
336 

32 

25 

65.8 

80.  1 
85.9 
91.8 

98.  0 
104 
111 
118 

125 
132 
140 
148 

24 

26 
27 

179 
192 

206 
220 
234 
250 

265 
281 
298 
315 

332 
350 

195 
209 

224 

30 
23 

28 

116 

27 

29 

124 
132 

239 

258 

19 

30 

255 
27  1 

276 
293 

312 
331 

24 

31 

140 

148 
157 

18 

32 

288 

18 

33 

182 

306 
324 
34  3 

362 

15 

34 

166 
175 

192 
203 

214 
226 
238 

350 

21 

35 

370 

398 

15 

36 

185 
195 
205 

391 

421 
443 
467 
491 

516 
541 
567 
594 

22 

37 

381 
401 

412 

434 
457 

480 
503 
527 
552 

9 

38 

J 

270 
284 

298 
313 
328 

369 
388 

407 
427 
447 
468 

4 

39 

250 

353 

422 

443 

4 

40 

335 

371 
389 

3 

41 

351 

465 
487 
510 

2 

42 

368 
385 

407 
426 

0 

43 

1 

343 

1 

Basis : 
No,  trees 

21 

43 

77 

93 

92 

117 

87 

78 

55 

17 

18 

4 

1 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  044204  D^H  +  8.  266000  for  D^H  larger  than  800. 

Standard  error  of  estimate:       ±  12.81   percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 
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Table   3b.  --Merchantable  volumes   in  cubic  feet  to  a  4.0-inch  top,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  4.0  inches   inside  bark 

Merchantable   stem  excluding  stump  and  top  Stump  height   1.  0  foot 


Diameter 
breast  height 

Number 

c 

f  merchant 

able 

16-foot  logs 

Basis 

outside  bark 
(Inches)    ; 

1.0 

1.  5 

2.  0 

2.  5     3. 

0 

3.  5 

4.0 

4.  5 

5.0     5.5 

6.0 

6.  5 

7.0 

Trees 

V  o  1  um 

e  in  c 

Z\    42.  f 
48. 

u  b  i  c 
i 

fe 

No. 

'-^-1. 

126 
138 
150 
162 

176 
189 
204 

309 
329 

349 
370 
392 
414 

437 
461 
48  5 
510 

536 
562 
589 
617 

645 
67  4 
703 
733 

12 
13 

13.8 
15.  1 

17.7 
19.7 
21.8 
24.  1 

26.  6 
29.  1 

21.7 
24.  3 
27.2 
30.2 

33.  5 
36.9 
40.  5 
44.4 

25.7    29 
29.0    33. 
32.  5    37. 
36.  3    42. 

40.4   47. 
44.7    52. 
49.2    57. 
54.0    63. 

58.9   68. 

6 
6 
8 
4 

2 

4 
8 
C 

5 

3 

6 

2 

1  33.^ 

38.  I 
1  43.2 

5 

21 
25 

14 

16.  5 

5 

18 

15 

18.0 
19.7 

48.  i 

54.  1 
59.  f 
65.  ( 
71.- 

78.  1 
84.  c 
91.^ 
99.  : 

107 
115 
123 
132 

141 
150 
160 

54.6 

60. 

26 

16 

60.7 

66.  < 
73.  < 

28 

17 

21.4 

66.9 

30 

18 

31.9 
34.8 

37.8 
41.  0 

73. 

80.' 

87.- 
)   95.' 
103 
112 

121 
130 
139 

149 

159 
170 
181 
192 

204 
216 
229 
241 

255 
268 
282 
296 

;     81. 

1   89. 

'   97.. 
1  106 

115 
125 

134 
145 
155 
167 

178 
190 
202 
215 

228 
242 
256 
270 

285 
300 
316 
332 

348 
365 

n 

89.  1 

24 

19 

97.8 

107 

27 

20 

48.  5 
52.7 
57.2 

i 

107 

117 

25 

21 
22 

63.7 
68.7 

74. 
80. 

117 
127 

127 
138 

148  1 

161 

175 

189 
204 
220 
236 

252 
270 

39 
29 

23 

74.0 

79.  5 
85.  2 
91.2 
97.  3 

104 

86. 

93. 
100 
107 
115 

122 

137 

150 

23 

24 
25 
26 

148 
160 
171 

162 
174 
188 

30 
27 
35 

27 

184 

201 

218 
234 

28 

28 

197 

216 

33 

29 

110 

130 

210     230 
224     245 
238      260 

252     277 
267      293 
283      310 
299     328 

316     346 
332     365 
350      384 
368      403 

386     423 
405     444 
424     465 

250 
266 

20 

30 

117     138 

287  1 

23 

31 

124 

147 

170 

28  3 

301 
319 
337 

306 

32  5 
344 
365 
386 

407 
429 

23 

32 

132 

156 

180 
191 

30 

33 

165 

20 

34 

174 

184 

194 
204 

201 
213 

224 

21 

35 

357 

15 

36 

37  6 
397 
418 
439 

461 
48  3 

22 

37 

236 

18 

38 

248 
261 

273 
287 

452  1 

21 

39 

47  5 
498 

12 

40 

311 

8 

41 

326 

523  1 

9 

42 

341 
357 

373 
390 
406 

38  3 
400 

418 

507 

548 
57  3 

600 
626 
654 
682  1 

3 

43 

444 

487 

530 

6 

44 

464 
484 

509 
532 

554 
579 
604 
630 

1 

45 

437 
456 

2 

46 

505 

555 

2 

47 

47  5 

527 

578 

1 

Basis: 
No.  trees 

10 

27 

46 

62      72 

87 

129 

107 

95       62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:        V  =  0.  045736  D^H  +  10.857212  for  D^  H  larger  than  1,  000. 

Standard  error  of  estimate:    ±  13.  13  percent. 

Diameter  classes  full-inch;  e.    g.    20-Lnch  class   includes  20.  0  to  20.  9. 
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Table  4a.  --Merchantable  volumes  in  cubic  feet  to  the  variable  top  limit  of  saw  log  utilization, 

blackjack  ponderosa  pines 

Arizona  cind  New  Mexico 

Cubic  feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.0  foot 


Diameter 
breast  height 

Total  height  in  feet 

Basis 

outside  bark 
(Inches) 

30 

40 

50 

60 

70     80      90      100      110 

120 

130 

140 

Trees 

V  o  1  un 

ub  i  c  f  e 

0 

et 

No. 

1£_ 



129 

140 
153 
165 

166 

194 
210 

226 

12 

1  2.83 

6.02 
8.  15 
10.4 
12.9 

9.22 
11.9 
14.7 
17.8 

21.  1 
24.5 
28.2 

12.4 
15.6 
19.0 
22.7 

26.6 
30.8 
35.2 
39.9 

44.8 
49.9 
55.  3 

15. 
19. 
23. 
27. 

32. 
37. 
42. 
47. 

53. 
59. 
65. 

6   18. 

8 
0 

22. 
26. 

2 
3 

32 

13 

4.43 
6.  14 
7.98 

3 

3 
6 

23. 

8 

33 

14 

27. 

6 

31. 

9 
4 

3 

36. 
42. 

48. 

32 

15 

32. 

5 

37. 

33 

16 

15.5 
18.3 
21.2 
24.3 

2    37. 

1  43. 

2  49. 

6   55. 

4   61. 
4   68. 

8  43. 

3  49. 
2    56. 

4  63. 

9  70. 
8    78. 
0    86. 

5  94. 

4  104 

5  113 
122 

132 

143 
153 
164 

9 

62.  1 
70.2 
78.7 

32 

17 

6 

55. 

8 

41 

18 

2 
2 

63. 
70. 

2 
9 

36 

19 

32.1 

30 

20 

36.2 

5 
2 
3 

79. 

1 

87.7 

34 

21 

40.5 
45.0 
49.7 

54.6 

87. 

7 

97.  1 
107 

26 

22 

7 

76. 

96. 

7 

37 

23 

61.0 

72. 

2 

83. 

8    106 

116 
126 
137 
148 

159 
171 
183 
196 

209 
223 
236 
251 

265 

117 

26 

24 

66.8 

79. 
86. 
93. 

1 

91. 

128 
139 
151 
163 

176 
189 

32 

25 

73.0 
79.  3 
86.0 

92.8 
99.9 

107 

115 

123 
131   [ 

2   99. 

24 

26 

7 

108 

180 
194 

209 

30 

27 

101 
109 

117 
126 

179 

23 

28 

192 
207 

27 

29 

118 
126 

135 
145 

224 

242  1 

19 

30 

202 

221 

2  37 

252 
268 
285 
302 

320 

3  38 

240 
2  57 

259 
277 

295 

24 

31 

135 
144 

155 

176 

216 

18 

32 

166 

187 

231 

274 
291 

18 

33 

154 

177 

200 

245 
261 
27  6 

293 

314  1 

15 

34 

163 

173 

184 
194 
205 

188 
199 

211 

212 

225 

309 

3  34 

21 

35 

328 

354 

15 

36 

2  38 
252 
266 

347 

374 
395 
417 
440 

462 
486 
510 

534 

22 

37 

223 

281 

309 

367 
387 

9 

38 

236 

296 

326 

357 
376 

4 

39 

248 

280 

295 
310 
325 
341 

312 

328 
345 

344 

408 

4 

40 

362 

395 

429 
451 
47  3 
496 

3 

41 

380 

415 
436 
457 

2 

42 

362 

399 

419 

0 

43 

380 

1 

Basis : 
No.  trees 

1 

7 

38 

88 

110 

139 

127 

103 

58 

16 

12 

4 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.002043  D^H  -  6.744303. 

Standard  error  of  estimate  :    ±  1  6.  17  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  2CL  9. 
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Table  4b.  --Merchantable  volumes  in  "cubic  feet  to  the  variable  top  limit  of  saw  log  utilization, 

old-growth  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.0  foot 


Diameter   [ 
breast  height 

Total 

height  in  fe 

e  t 

Basis 

outside  bark 
(Inches)    ' 

40 

50 

60 

70 

80 

90      100      110       120 

130 

140 

Trees 

-  - 

- 

-  - 

-  - 

-  - 

- 

-  - 

- 

Volume  in  c 

ub  i  c  f e 

e  t 

No. 

116 

248 
266 
285 
304 

324 
345 
366 
388 

410 
433 
457  1 

12 

8. 
11. 

75 
1 

12. 
15. 
18. 
21. 

25. 
28. 
32. 

2 
1 
2 
6 

1 
9 
9 

15. 
19. 
22. 
26. 

31. 
35. 
40. 
45. 

51. 
56. 
62. 
68. 

7 
Z 
9 
9 

2 
7 

5 
6 

0 
6 
5 
6 

19. 
23. 
27. 
32. 

37. 
42. 
48. 
54. 

60. 
66. 
73. 
80. 

88. 

96. 
104 
113 

121 

2 
2 
6 
3 

3 
6 
2 

1 

3 

9 
7 
9 

4 
2 

22. 
27. 
32. 
37. 

43. 
49. 
55. 
62. 

69. 
77. 
85. 
93. 

102 
111 
120 
130 

139 
150 
160 
172 

183 
195 
207 

7 
3 
3 
6 

3 

4 
8 
6 

7 
2 
0 
2 

26. 
31. 
37. 
43. 

49. 
56. 
63. 
71. 

79. 

87. 

96. 

105 

115 
125 
136 
146 

158 
169 
181 
194 

206 
220 
233 
247 

262 
277 
292 
307 

1 

29. 

6 

21 

13 

4 
0 
0 

4 

35. 
41. 
48. 

55. 

4 

25 

14 

13. 

6 

6 

18 

15 
16 

16 
19 

2 

1 

3 
4 

26 
28 

17 
18 

22 
25. 
28. 

1 
3 
7 

2 
4 

63. 
71. 

0 
0 

69.8 
78.6 

30 
24 

19 
20 

37. 
41. 

2 

6 

0    79. 

0    88. 

4     97. 

3    108 

118 

128 
140 
151 
163 

176 
189 
202 
216 

230 
245 
260 
27  5 

291 
308 

325 

5 
4 

87.9 
97.7 

96.4 
107 

27 

25 

21 

46. 

3 

7    108 

118 

129 

39 

22 

51. 
56. 

2 
3 

119  r 

130 
142 

141 
155 

169 
183 
198 
214 

29 

23 

130 

23 

24 

75. 
81. 
88. 
95. 

103 
HI 
119 
127 

0 
7 
6 
8 

[ 

142 

155 

30 

25 

154   [ 

167 

180 

169 

27 

26 
27 

182 
197 

35 
28 

28 

194       212 
208       227 
223       243 
238       260 

253       277 
270       295 
286       313 
303       331 

321       351 
339       370 
358       391 
377       412 

396       433 

230 

33 

29 

130 

247 

20 

30 

140 

264 
282 

300 
320 

23 

31 

149 

23 

32 

159 

30 

33 

170 
180 
191 

202 
214 
226 

238 

20 

34 

339 

21 

35 
36 

219 
232 

360 
380 

15 
22 

37 
38 

245 
259 
27  3 

402 
424 

18 
21 

39 

342 

446 

481 

506 
532 
558 
585 

612 
640 
669 
698 

12 

40 

287 
302 

323 

360 

469 
493 

8 

41 

340 

378 
397 

417 

455 
477 
500 

9 

42 

357 
374 

392 

437   1 

518 

3 

43 

416 
436 

458 

542 

6 

44 

480 

524 

568 
594 
621 

1 

45 

410 

456 

502 

548 

2 

46 

428 

47  6 

524   1 

572 

2 

47 

497 

547 

598 

648 

1 

Basis: 
No.  trees 

8 

33 

53 

94 

120 

126 

123 

103        44 

19 

2 

725 

Block  Indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  002226  D^  B  -  5.  161622. 

Standard  error  of -estimate:      ±  12.  34  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.  0  to  20.  9. 
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Table  5a.  --Volumes  in  board-feet  Scribner  rule,    blackjack  ponderosa  pines 

Arizona  and  New  Mexico 

Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Total    height 

in    feet 

Basis : 

outside  bark 
(Inches) 

30 

40 

50 

60 

70            80                90 

100 

110 

120 

130 

140 

Trees 

-     -     - 

-     -     ■ 

-     -     ■ 

■    -    - 

-     -    Volunne 

in    boa 

r  d  -  f  e  e 

177 
219 

263 

]        353 
408 
466 

527 

592 

1       659 

806 

886 
969 

1,  056 

1, 

059 

1, 
1, 

1. 

251 
356 

465 

No. 

12 

1  '8 

33 
43 
53 
65 

48 
60 
73 
87 

103 
119 
136 

62 

77 

93 

110 

128 
148 
171 
202 

236 
271 
307 

77             92 

107 
129 

32 

13 

25 
33 
42 

94 
113 
133 

112 

33 

14 

i      133 

153 

32 

15 

156 

186 

33 

16 

77 

90 

103 

118 

154          188             226 
183         226            268 
218         266             313 
255          308             361 

294          352             411 
335          399            463 

32 

17 

311 

41 

18 

361 
413 

36 

19 

154 

30 

20 

177 

469 

34 

21 

206 
237 
269 

302 

1       527 

26 

22 

378 

448              518 

588 
652 

719 
788 
861 
936 

1,  013 
1,  094 
1,  177 
1,263 

1,  352 
1,  444 
1,  538 
1,  636 

1,  735 
1,  8  38 

37 

23 

346 

422 

I     499             576 

729 

802 

879 

958 

1,  041 

1,  126 
1,215 
1,  306 

Z6 

24 

386 

469 

552             636 

32 

25 

427 
471 

516 

562 
611 
661 
712 

765 
820  [ 

< 

518          608             698 

24 

26 

568 

666            763 

1,  153 
1,251 

1,  352 

30 

27 

621 
67  5 

726            831 
788             901 

1.  146 

23 

28 

1,  239 
1,  336 

27 

29 

731 
790 

852              973 
919        1,048 

1 

456 

1, 

577   1 

19 

30 

1,  436 
1,  539 

1,  646 
1,756 
1,869 

1,  986 

2,  106 
2,  229 
2,  355 
2,485 

1 

1 

565 
677 

1, 
1, 

1, 

694 
815 

939 

24 

31 

850 

988 

1,  126 

1,  401 

18 

32 

912 

1,  059 

1,206 

1,499 
1,  600 
1,704 
1,  811 

1,  921 

2,  034 
2,  150 

1,  7  92 
1,  911 

18 

33 

97  6 

1,  132 

1,288 

2, 

067   1 

15 

34 

1,  042 
1,  110 

1,  180 

1,208         1,373 
1,285         1,461 

2 

034 

2, 

199 

21 

35 

2 

161 

2, 

336 

15 

36 

1,  365 

1,  550 
1,  643 

2 

291 

2, 
2, 
2, 
2, 

3, 
3. 
3, 
3, 

47  6 
619 
767 
919 

074 
2  34 
397 
564 

22 

37 

1,252 

1,  326  [ 

1 , 448    1 

2 
2 

424 
561 

9 

38 

1,532         1,738 

1,  944 

4 

39 

1,619         1,835 

2,  052 

2,  163 
2,277 

2,  269 

2 

702 

4 

40 

1,  935 

2,  038 
2,  143 
2,  250    1 

2,  391 
2,  516 

2,  619 

2 
2, 
3, 
3 

847 
995 
146 
302 

3 

41 

2,755 
2.895 
3,  039 

2 

42 
43 

2,  394 
2,  513 

2,645 
2.776 

0 
1 

Basis: 
No.    trees 

1 

7 

38 

88 

110          139              127 

103 

58 

16 

12 

4 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.013887  D^H  -  114.  596390  for  D^  H  larger  than  20,  000. 

Standard  error  of  estimate:      ±  22.79  percent. 

Diameter  classes  full-inch;  e.    g. ,    20-inch  class  includes  20.0  to  20.9. 
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Table  5b.  --Volumes  in  board-feet  Scribner  rule,    old-growth  ponderosa  pines 
Arizona  and  New  Mexico 


Board-feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  dianneter  variable 
Stump  height  1.  0  foot 


Diameter 
breast  height  \ 

Tot 

a  1     height 

in     feet 

Basis 

outside  bark 
(Inches)         ] 

40 

50 

60               70 

80 

90 

100              110 

120 

130 

140 

Trees 

-     Volume     in    board-fee 

No. 

J 

585 
660 

726 

1,  652 
1,779 

1,  911 

2,  047 

2,  187 
2,  332 
2,  481 
2,634 

2,792 

2,  955 

3.  121  1 

12 

31 

43 

49 

65 

82 

100 

119 
139 
161 

68                 87 

87                108 

107                132 

128               157 

151                184 
176               212 
202                246 
229                287 

265                331 
305               377 
346               425 

105 
130 

157 
186 

216 
2  54 
299 
347 

397 
450 
505 
562 

623 

68  5 

750 
818 

888 

961 

1,  036 

1,  114 

1,  194 
1,  277 
1,  362 

124 
152 
182 
215 

254 
302 
353 
406 

463 
522 
584 
649 

717 
787 
860 
937 

1,  016 
1,  097 
1,  182 
1,269 

1,  360 
1,453 
1,  549 
1,  647 

1,  749 
1,853 
1,  960 

143 

21 

13 

174 

25 

14 

56 

207 

18 

15 
16 

71 
86 

247 
297 

26 
28 

17 
18 

102 
120 
138 

350 
406 

398 
460 

30 
24 

19 
20 

183 
207 

466 
529 

526 

595 

27 
25 

21 

232 

594            667 

739 
J        822 

909 

812 
901 
995 

1,  093 
1,  195 
1,  301 
1,  410 

39 

22 

267 
303 

663 

743 

29 

23 

389 

47  6 

735 

822 

23 

24 

435 
482 

530 
581 

634 

529 
583 
640 
7  00 

761 

811 

905 

999 

30 

25 

889            991    [ 
970        1,080 
1,  055         1,  174 

1,  143         1,  270 
1,2  34         1,37  0 
1,  328          1,  473 
1,425         1,580 

1,525         1,691 
1,628         1,804 
1,735         1,921 
1,845         2,042 

1,  957         2,  166 
2,073         2,294 

2,  192         2,  425 
2,315         2,559 

2,440         2,697 

1,  093 

27 

26 
27 

1,  191 
1,  292 

1,  397 
1,  506  [ 
1,  619 
1,736 

1,856 

1,  98  0 

2,  108   [ 
2,  239 

2,  375 
2,  514   [ 
2,  657 
2,803 

2,  954 

3,  108 
3,266    1 
3,428 

35 
28 

28 

1,  525 
1,  643 

33 

29 

688 
745 
803 

825 
890 

20 

30 

1,765 
1,891 

2,  021 
2,  156 

23 

31 

958 

23 

32 

1,  029 

30 

33 

1,  101 

20 

34 

1,  176 
1,252 

1,  331 
1,412 
1,496 
1,  581 

2,  294 

21 

35 
36 

1,450 
1,  540 

2,  437 
2,  584 

15 
22 

37 
38 

1,  633 
1.728 
1,826 

2,734 
2.889 

18 
21 

39 

2,  07  0 

3,  048 

3,  292 

3,468 
3,648 
3,832 

4,  020 

4,213 
4.411 

4,  613 
4,819 

12 

40 

1,  926 

2,  029 

2,  183 

3,  211 
3,  378 

8 

41 

2,299 

2,  568 

2,838 

9 

42 

2,417 
2,  538 

2,662 

2,700 

2,983    1 

3,  549 

3 

43 

2,835 
2,  973 

3,  131 
3,283 

3,  724 

6 

44 

3,  593 

3,  903 

4.  087 
4,  274 
4,465 

1 

45 

2,789 

3,  114 

3,438 

3.762    1 

2 

46 

2,  919 

3,258        3,596    | 

3,935 
4.  112 

2 

47 

3,405         3,758 

1 

Basis : 
• 
No.    trees 

8 

33 

5  3                 94 

120 

126 

123              103 

44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:"*-     V  =  0.  015666  D^H  -  129.  672480  for  D^  H  larger  than  22,  900. 

Standard  error  of  estimate:      ±  16.  17  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 


15 


Table  6a. 


-Volumes  in  board-feet  Scribner  Rule,    blackjack  ponderosa  pines 
Arizona  and  New  Mexico 


Board-feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.0  foot 


Diameter 
breast  height  ' 

Number    of    merchantable     16-foot 

logs 

Basis 

outside  bark    \ 
(Inches)         ' 

1.  0 

1.  5 

2.0 

2.5          3.0             3.5 

4.  0 

4.5               5.0 

5.  5 

6.0 

6.  S 

7.  0 

Trees 

-     - 

-     - 

-     -     ■ 

nn  e     in 
236 

b  o  a  r  d  -  f 

No. 



859 

939 

1,  021 

1.  119 

1,  318 
1,42  3 

1,  532 

1,776 

1,  902 

2,  032 

2,  167 
2,  305 
2,  448 

12 

43 
49 
55 
62 

61 
70 
79 
89 

100 
HI 

78 

90 

103 

116 

131 
146 
162 

96 
HI 
126 

1       114 

32 

13 
14 

131 
150 

152 
174 

33 
32 

15 

143            170 

200 

33 

16 
17 

69 
77 

161            193            234 
180            224             270 
205           256            307 
233           290            347 

263           326            389 
295           364            433 
328            404             480 
362            445             528 

27  5 
316 
359 
404 

452 
503 
556 
611 

668 
728 
791 
856 

923 

992 

1,  065 

1,  139 

1,216 
1,  295 
1,  377 
1,461 

1,  547 
1,636 

316 
361 

32 

41 

18 

124 
136 

150 
164 
179 
196 

218 

410 
461 

461 
518 

36 

19 

179 

30 

20 

200 
225 
252 

515 

578 

34 

21 
22 

572 
632 

641 
7  07 

26 
37 

23 

279 

694 

777 

26 

24 

308 

398 

488              578 

758            849 
826            924 
896        1.002 
969        1.083 

1,045        1,167 
1,123        1,254 
1,204         1,344 
1,288         1,437 

1,374         1,533 
1,463        1,632 
1,555         1,734 
1,650        1,839 

1,747          1,947 
1,847         2,058 

32 

25 

338 

436 
47  5 
515 

533             631 

24 

26 
27 

580 
629 

685 

742 

1,  107 
1,  196 

1,  288 
1,  384 
1,48  3 
1,  586 

1,  691 
1,800 

1,  912 

2,  028 

2,  147 
2,269 
2,  394 
2,  523 

2,  655 
2.790 
2.929 

3,  071 

1,  212 
1,  310 

1,410 

30 
23 

28 

557 

679 

801 

27 

29 

601 
646 

731 
785 

862 
925 

1,  515 

1,  645 

19 

30 

1,623 
1,734 

1,762 
1,883 

2,  008 
2,  137 

24 

31 

692 

841 

990 
1,057 

18 

32 

740           899 

1,850 

18 

33 

790 

958 

1,  127 

1,969 
2.091 
2,217 

2,  347 

15 

34 

841 
893 

1,019        1,198 

2,  270 

21 

3S 

1.082 

1,272 

2,406 

2,  595 

15 

36 

1,  147 

1.  347 
1,425 
1,  505 

2,  546 

2,746 

2,  902 
3,061 
3,225 

3,  393 
3,  566 
3,7  42 
3,923 

22 

37 

1,  214 
1,282 

2,480 
2,  61V 

2,  691 
2,839 
2,991 

3,  147 
3,  307 
3,47  1 
3,  639 

9 

38 

1,727 
1,821 

1.  917 

2,  015 
2,  116 
2,  219 

1,949 

2,  172 

4 

39 

1,  587 

2,  055 

2,  289 

2,757 
2,901 

4 

40 

2,  163 

2,  409 

3 

41 

2,  274 

2,  532 

3,  049 
3,200 
3,  355 

2 

42 

43 

2,  387         2,  658 
2,503        2,787 

0 
1 

Basis : 
No.    trees 

21 

43 

77 

93             92             117 

87 

78                55 

17 

18 

4 

1 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  300081   D^  H  -  52.090112  for  D^H  larger  than  800. 

Standard  error  of  estimate  :      ±  16.  46  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.  0  to  20.  9. 
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Table  6b.  --Volumes  in  board-feet  Scribner  Rule,    old-growth  ponderosa  pines 

Arizona  and  New  Mexico 

Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height  ] 

Nu  mb  e 

r    of    merchan 

table     16-foot 

logs 

Basis : 

outside  bark    \ 
(Inches)         ' 

1.  0 

1.  5 

2.  0 

2.  5 

3.  0 

3.  5 

4.0 

4.  5 

5.0 

5.  5 

6.0 

6.  5 

7.0 

Trees 

-     - 

.    .     . 

-     - 

.     -     . 

-     Volui 

146 
171 
198 
227 

258 
290 
328 
371 

417 
465 
515 
568 

623 
680 
739 
801 

865 

931 

1,  000 

Ti  e     in    b 

196 
227 
260    1 

o  a  r  d  -  f 

292 

337 
387 

No. 

496 

620 

760 

842 

929 

1,  019 

1,113 
1,  211 
1,  312 

2,  063 
2,  204 

2,  351 
2,  501 
2,657 
2,817 

2,  981 

3,  150 
3.  324 
3,  502 

3,  685 
3,872 

4,  064 
4,261 

4,462 
4,  668 
4,878 
5,093 

12 
13 
14 
15 

38 
45 
53  1 
61 

70 
79  L 

60 
70 
82 
94 

108 
122 

81 

95 

111 

127 

145 
164 
184 
205 

H03 
121 
140 
161 

183 
206 
231 
2  57 

28  5 
314 
350 

124 

146 
169 
194 

220 
248 
278 
309 

349 
390 
433 
478 

525 
574 
625 
678 

7  32 

21 
25 
18 
26 

16 

294 

28 

17 

337    [ 

384 
434 

486 
541 
598 
658 

721 
786 
854 
924 

998 
1,  07  3 
1,  152 
1,  233 

1,  316 
1,  402 
1,491 
1,  583 

1,677 
1,773 
1,872 
1,  974 

30 

18 

136 

152 

169 
186 

440 
496 

5  54 
616 
681 
7  48 

819 

892 

969 

1,  048 

1,  130 
1,215 
1,  304 
1,  395 

1,  489 
1,  586 
1,  685 
1,788 

1,  894 

2,  003 
2,  114 
2,229 

2,  346 
2,467 

24 

19 

558 

27 

20 

227 

623 

692 
7  67 
846 

25 

21 
22 

250 
274 

691 
763 
8  38 

917 

998 

1,  083 

1,  171 

1,263 
1,  357 
1,455 
1,  5  57 

1,  661 
1,7  69 
1,880 
1,994 

2,  HI 
2,  232 
2,  356 
2,484 

2,  614 
2,748 
2,885 

3,  025 

918| 
1,  Oil 
1,  109 

1,  211 
1,  317 
1,  427 
1,  542 

1,  660 
1,784 

39 
29 

23 

388 

427 
468 
510 
554 

600 
647 
696 
747 

799 

929 

23 

24 
25 
26 

1,  015 
1,  104 
1,  198 

30 
27 
35 

27 

1,295 

1,  418 
1,  528 

28 

28 

1,  395 
1,499 
1,  607 
1,718 

1,833 

1,  952 

2,  074 
2,200 

2,  329 
2,462 

2,  598 
2,738 

2,882 

3,  029 
3,  180 
3,  334 

3,492 
3,654 

33 

29 

789 
848 
909 

1,  641 
1,  759 

20 

30 

1,911 

23 

31 

1,  071 

1,880 

2,  006 
2,  135 
2,268 

2,  042 

2,  178 
2,  318 
2,  462 
2,  611 

2,764 
2,  921 

23 

32 

971 

1,  144 
1,  219 

30 

33 

1,  036 
1,  103 
1,  171 

1,242 
1,  314 

20 

34 

1,  297 
1,  377 

1,459 

21 

35 

2,405 

15 

36 

2,  546 

2,  691 
2,840 
2,993 

3,  150 
3,  310 
3,475 

22 

37 

1,  544 

18 

38 

1,  631 
1,720 

1,811 
1,905 

3,082 

21 

39 

3,248 
3,417 

12 

40 

2,  07  9 

8 

41 

2,  186 

3,  591 
3,769 

3,  952 

4,  139 
4,  330 
4,  52  5 
4,724 

9 

42 

2,295 
2,408 

2,  523 
2,640 
2,7  60 

2,  590 
2,717 

2,846 

3 

43 

3,  643 

6 

44 

3,  169 
3,  316 

3,815 
3,992 
4,  172 
4,  356 

1 

45 

2,978 
3,  113 

2 

46 

3,466 

3,819 
3,  988 

2 

47 

3,251 

3,  620 

1 

Basis: 
No.   trees 

10 

27 

46 

62 

72 

87 

129 

107 

95 

62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:        V  =  0.  326427  D^H   -  62.  962331  for  D^  H  larger  than   1,  130. 

Standard  error  of  estimate:     ±    12.  98  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.  0  to  20.  9 
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Table  7a.  --Volumes  inboard-feet  International  1/4-inch  Rule,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stenn  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Total    height    in    feet 

Basis : 

outside  bark 
(Inches) 

30 

40 

50 

60 

70            80            90               100              110 

120 

130 

140 

Trees 

;„K„^,^      f^^ 

°     "  "^'^ 

858 

940 
1,  02  5 
1,  115 

1,  118 

1,  315 
1,423 

1,  535 

12 

1    18 

36 
48 
61 
75 

54 

70 

86 

104 

122 
142 
163 

73 

91 

HI 

132 

154 
178 
205 
2  38 

272 
308 
345 

91          109 

128 

32 

13 

27 
37 
47 

112 
135 
160 

134 

155 

33 

14 

1       160 

185 

212 

255 

32 

15 

188 

221 

33 

16 

90 
106 
123 
141 

186         223            262 

301 

]       393 
449 
509 

32 

17 

218          262              305 

349 

41 

18 

254          303              352 
292          346            400 

400 
455 

36 

19 

186 

30 

20 

212 

332          392             452 
374          440              506 

512 

572 

34 

21 

242 
27  3 
306 

340 

572 

638 
1       707 

26 

22 

418 

490             562 

634 

37 

23 

385 

464 

542              621              700 

779 

26 

24 

426 

512 

597             683            769            854 

32 

25 

469 
513 
560 

607 
657 
7  08 
7  62 

816 

873  Q 

562          654             747             840             933 

24 

26 

613 

714            814            914        1,014 

1.215 
1.  315 

1,419 

30 

27 

667 
723 

775             883             991         1,099 
839             955         1,  071         1,  187 

1,207 

23 

28 

1,  303 

1,402 

27 

29 

781 

841 

905         1,  030         1,  154         1,  278 

1.  526 

1,  651    1 

19 

30 

974         1,107         1,239 

1,  372 

1,  505 

1,  611 

1,721 
1,834 
1,950 

2,  070 

2,  193 
2,  320 
2,450 
2,  584 

1.  638 
1,753 

1,770 
1,894 

2,  022 

24 

31 

903 

1,045 

1,186         1,328 

1,47  0 

18 

32 

967 

1,  118 

1,269         1.419 

1,  570 

1,871 
1,994 

18 

33 

1,033 

1,  193 

1,353         1.513         1,674 

2,  154    1 

15 

34 

1,  101 
1,  171 

1,243 

1,271         1,441         1,610         1,780 
1,351         1,531         1,710         1,890 

2,  120 

2,290 

21 

35 

2,250 

2,430 

15 

36 

1,433 

1,623         1,813        2,003 

2,  383 

2,  574 
2,721 
2,873 
3,029 

3,  189 
3,  353 
3,  521 
3,692 

22 

37 

1,  317 
1,393  1 

1,  517    1 

1,718 

1,  919 

2,  119 

2,  521 
2,662 

9 

38 

1,  604 

1,816 

2,  027 

2,239 

4 

39 

1,693        1,916 

2,  138 

2,  361 

2,8^^6 

4 

40 

2,  019 

2,  124 

2,253 

2,487 

2,721 

2,955 
3,  107 
3,263 
3,422 

3 

41 

2,370        2,615 

2,861 
3,  005 
3,  152 

2 

42 
43 

2,  232 
2,  342 

2,490        2,747 
2,612    1    2,882 

0 

1 

Basis : 
No.    trees 

1 

7 

38 

88 

110           139               127               103                 58 

16 

12 

4 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  014270  D^H  -  87.  992784  for  D^H  larger  than  20,  000. 

Standard  error  of  estimate:      ±  21.  52  percent. 

Diameter  classes  full-inch;  e.    g. ,    20-inch  class  includes  20.  0  to  20.  9. 
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Table  7b.  --Volumes  in  board-feet  International  1/4-uich  rule,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Tot 

al    height     in    fee 

t 

Basis 

outside  bark 
(Inches) 

40 

50 

60 

70 

80 

90                    100 

110              120 

130 

140 

Trees 

ne     in    board-fee 

No. 

] 

781 

1,729 
1,859 
1,994 
2,  133 

2,  277 
2,425 
2,  578 
2,735 

2,897 
3,063 
3,234   1 

12 

40 
54 

61 

80 

99 

120 

143 
166 
192 

83 
105 
129 
154 

181 
209 
239 
27  1 

309 
350 
392 

437 

105 
131 
158 
187 

219 
252 
289 
332 

377 
424 
47  3 

525 

579 
635 
694 

7  54 

817 

127 
156 
187 
221 

2  57 
298 
344 
393 

444 
498 
555 
614 

675 
7  39 
806 
875 

947 
1,  022 
1,099 
1,  178 

1,260 
1,  345 
1,432 

149 

171 

21 

13 

182 
217 
255 

298 

207 
246 
290 

342 

25 

14 

70 

18 

15 
16 

87 

104 

26 
28 

17 
18 

124 
144 
165 

347 
399 

396 
454 

445 
509 

30 
24 

19 
20 

218 
246 

454                515 

512                 579 
572                 646 
636                717 
702                791 

772                868 
844                948 
919           1,031 
997            1,118 

1,078            1,208 
1,  161             1,  301 
1,  248             1,  397 
1,337             1,497 

1,430             1,599 
1,525             1,705 
1,62  3             1,814 
1,724             1,927 

1,828            2,042 
1,  935            2,  161 
2,045            2,283 

57  6 
647 

6  37 
714 

27 
25 

21 

276 

721 
798 

795 

J        879 

968 

869 

961 

1,  057 

1,  157 
1,261 
1,  369 
1,  482 

39 

22 

311 

348 

29 

23 

879 

23 

24 

48  3 
531 

581 
633 

687 
743 
800 
860 

964 
1,  052    1 
1,  144 
1,  239 

1,  060 

30 

25 

1,  157 

27 

26 
27 

1,257 
1.  361 

35 
28 

28 

1,338         1,469 
1,441          1,580 
1,546         1,696 
1,656        1,815 

1,769         1,938 
1,885        2,065 
2,  005        2,  196 
2,  129        2,  331 

2,256         2,469 
2,386        2,612 
2,520         2,7  58 
2,658         2,908 

2,799         3,062 

1,  599 

33 

29 

882 
950 

1,720 

20 

30 

1,845 

1,  974 

2,  108 
2,  245 

23 

31 

1,  019 

23 

32 

1,  091 

30 

33 

1,  165 
1,  241 
1,  320 

1,401 
1,484 
1,  569 

1,657 

20 

34 

2,387 

21 

35 
36 

1,  522 
1,  615 

2,  533 
2,  683 

15 
22 

37 
38 

1,710 
1,807 
1,  907 

2,8  37 
2,996 

18 
21 

39 

2,  158 

2,408 

3,  159 

3,409 

3,  589 
3,773 
3,961 

4,  154 

4,  352 
4,  554 
4,761 
4,  972 

12 

40 

2,  010 
2.  115 

2,273 

2,  536 

3,  325 
3,496 

8 

41 

2,  391 

2,  668 
2,802 

2,  944 

3,220 
3,  382 
3,  547 

9 

42 

2,  513 
2,  637 

2,764 

3,  092    1 

3,672 

3 

43 

2,  940 

3,  082 

3,  244 

3,851 

6 

44 

3,399 

3,717 

4,  034 
4,  222 
4,  414 
4,  610 

1 

45 

2,894 

3,226 

3,  558 

3,890 

2 

46 

3,  027 

3,  373 

3,720 

4,  067 

2 

47 

3,  524 

3,886 

4,248 

1 

Basis: 

No.    trees 

8 

33 

53 

94 

120 

126                 123 

103                44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:        V  =  0.  016041   D^H  -  95.  013379  for  D^H  larger  than  21,  800. 

Standard  error  of  estimate :    ±15.70  percent. 

Dianneter  classes  full-inch;  e.    g.    20-Lnch  class  includes  20.0  to  20.9. 
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Table  8a.  --Volumes  in  board-feet  International  1/4-inch  Rule,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Number 

of    merchan 

table     16-foot 

logs 

Basis: 

outside  bark    " 
(Inches)         \ 

1.0 

1.  5 

2.0 

2.  5 

3.  0 

3.  5 

4.0 

4.  5 

5.0 

5.5 

6.0 

6.5 

7.0 

Trees 

-    - 

-     - 

-     -     ■ 

-     - 

-     -     -     - 

Volar 

179 
203 

Ti  e     i  n    b 
273 

o  a  r  d  -  f 

354 

401 

e  e  t     - 

504 
562 

624 
689 
7  57 

913 

994 
1,  07  9 

1,  179 

1,  384 
1,  492 

1,604 

1, 
1, 
2 

2, 
2, 

2, 

855 
984 
118 

256 
399 
546 

No. 

12 

53 
60 
67 

75 

73 

84 

94 

106 

119 
132 

94 
107 
122 
138 

154 
172 

191 

114 
131 
149 
169 

190 
212 
240 
269 

300 
333 
366 
402 

439 

134 

32 

13 
14 

155 
177 

33 
32 

15 

198 

235 

270 
307 
346 
387 

430 
47  5 
523 
572 

624 
678 
7  34 
792 

853 

915 

980 

,047 

,  116 

33 

16 
17 

83 
92 

228 
259 
293 
328 

365 
404 
445 
487 

531 
578 

312 

354 
398 
445 

495 
546 
601 
657 

717 
778 
842 
909 

978 
1,050 
1,  124 
1,200 

1,  27  9 
1,  361 
1,444 
1.  531 

1.620 
1,711 

32 

41 

18 

146 
161 

177 
193 
210 
232 

254 

451 
504 

36 

19 

211 

30 

20 

235 
261 
288 

559 

34 

21 
22 

618 
679 
743 

809 

879 

951 

1,  026 

1,  103 
1,  184 
1,267 
1,  353 

1,  442 
1,  534 
1,  628 
1,725 

1,825 

1,  928 

2,  033 
2,  141 

26 
37 

23 

317 

828 

902 

97  9 

1,059 

1,  142 

1,229 
1,  318 
1,411 
1,  506 

1,  605 
1,707 
1,812 
1,919 

2,  030 
2,  145 
2,262 

26 

24 

346 

32 

25 

377 

477 
518 
559 

602 
647 
693 
741 

791 
841 
894 
948 

24 

26 
27 

626 
67  6 

1,  167 
1,259 

1,  354 
1,452 
1,  554 
1,  659 

1,768 
1,880 

1,  995 

2,  114 

2,  236 
2,  361 
2,490 

2,  623 

2,758 
2,897 

3,  040 
3.  186 

1,276 
1,  376 

1,479 

30 
23 

28 

728 

27 

29 

781 
8  37 

1,  586 

1,721 

19 

30 

1,  697 
1,  812 

1,841 

1,  965 

2,  094 
2,226 

24 

31 

894 
953 

1 

1 

18 

32 

1,  931 

18 

33 

1,  014 

1 

.  188   1 

2,  053 
2,  179 
2,  308 

2,441 

15 

34 

1,077         1 

,261 
,336 

,414 
,494 

,576  r 

2,  362 

21 

35 

1,  142 

1 

2,  502 

2, 

697 

15 

36 

1,209 
1,277 
1,  348 

1 
1 
1 

2,  647 

2, 
3, 
3, 
3, 

3, 
3, 
3, 

4, 

852 
012 
176 
344 

517 
694 
876 
061 

22 

37 

2,  578 
2,719 

2,795 

2,  948 

3,  104 

3,  264 
3,429 
3,  597 
3,769 

9 

38 

1,805 

1,  901 

2,  000 
2,101    1 
2,204 
2,  310    1 

4 

39 

1 

,660 

[ 

2,  382 

2,863 
3,  Oil 

4 

40 

2,253 

2,  505 
2,  632 

3 

41 

2,  366 

3,  163 
3,  318 
3,478 

2 

42 
43 

2,483 
2,602 

2,761 
2,894 

0 

1 

Basis: 
No.   trees 

21 

43 

77 

93 

92 

117 

87 

78 

55 

17 

18 

4 

1 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  308405  D^H  -  23.872559  for  D^H  larger  than  7  00. 

Standard  error  of  estimate  :      ±  1  5.  26  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 
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Table  8b.  --Volumes  in  board-feet  International  1/4-inch  Rule,  old-grovvth  ponderosa  pines 

Arizona  and  New  Mexico 
Board -feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  feet 


Diameter 
breast  height 

Nu  mb  £ 

r    o  f    m 

e  r  c  h  a  n 

table     16-foot 

logs 

Basis : 

outside  bark 
(Inches)         ] 

1.0 

1.  5 

2.0 

2.5 

3.  0 

3.  5 

4.0 

4.  5 

5.  0 

5.  5 

6.0 

6.  5 

7.  0 

Trees 

-     Volu 
1         173 

me     i  n    b 

]        232 
268 

o  a  r  d  -  f 

345 

391 
1        435 

No. 

1       542 

669 

813 

897 

985 

1,  078 

1,  174 
1,  274 
1,  379 

2,  147 
2,292 

2,442 

2,  596 
2,755 
2,919 

3,  088 
3,261 
3,439 
3,621 

3,809 

4,  001 
4,  197 
4,  398 

4,  604 
4,815 

5,  030 
5,250 

12 

48 
56 
65 
75 

85 
96 

73 

86 

99 

113 

129 
145 

98 
115 
133 
152 

173 
194 
217 
242 

123 
144 
166 
191 

216 
243 
272 
303 

335 
369 
404 

148 
173 
200 
229 

260 
293 
327 
364 

402 
438 
478 
524 

572 
622 
674 
7  28 

785 

21 

13 

203 

25 

14 

1        234 

18 

15 

268 

304 
342 
382 
419 

462 
511 

562 
616 

672 
731 
7  92 
855 

920 

988 

1,  058 

306 

26 

16 

347 

28 

17 

391 
432 
478 

532 
588 
647 
7  08 

773 
839 
909 
981 

1,  056 
1,  134 
1,  214 
1,  297 

1,  382 
1,471 
1,  562 
1,  655 

1,752 
1,851 

1,  952 

2,  056 

30 

18 

163 
181 

200 
220 

48  5 
542 

602 
665 
732 
801 

873 

948 

1,026 

1,  108 

1,  192 
1,  27  9 
1,  369 
1,463 

1,  559 
1,  658 
1,761 
1,866 

1,  974 

2,  086 
2,  200 
2,  317 

2,438 
2,  561 

24 

19 

606 

27 

20 

268 
294 
323 

1       672 

743 
820 
901 

25 

21 
22 

743 
816 
893 

97  3 
1,  057 
1,  144 
1,  234 

1,  328 
1,  425 
1,  525 
1,  629 

1,736 
1,846 

1,  960 

2,  077 

2,  197 
2,  321 
2,448 

2,  578 

2,712 
2,849 
2,989 

3,  133 

974  1 
1,  07  0 
1,  170 

1,  27  4 
1,  38  3 
1,496 
1,  613 

1,735 
1,  861 

39 
29 

23 

438 

472 
513 
557 
602 

649 
697 
747 
7  99 

853 

98  5 

23 

24 
25 
26 

1,  074 
1,  166 
1,261 

30 
27 
35 

27 

1,  361 

1,487 
I,  599 

28 

28 

1,463 
1,  570 

1,  680 
1,7  94 

1,912 

2,  034 
2,  159 
2,  287 

2,420 

2,  556 
2,696 
2,839 

2,986 

3,  137 
3,  291 
3,449 

3,  611 
3,777 

33 

29 

843 
903 
965 

1,716 
1,836 

20 

30 

1,  991 

23 

31 

1,  131 

1,  960 

2,089 

2,  221 
2,  358 

2,  126 

2,265 
2,409 
2,  557 
2,  709 

2,  865 

3,  026 

23 

32 

33 

1,  029 
1,  096 
1,  164 
1,  234 

1,306 
1,  380 

1,  206 
1,283 

30 
20 

34 

1,  363 
1,  445 

1,  529 

21 

35 

2,  498 

15 

36 

2,  642 
2,791 

2,  943 

3,  100 

3,260 
3,  425 
3.593 

22 

37 

1,615 

18 

38 

1,7  04 
1,796 

1,889 
1,985 

3,  191 

21 

39 

3,  361 
3,  534 

12 

40 

2,  163 

8 

41 

2,273 

3,713 
3,895 
4,  082 

4,  27  3 
4,  469 
4,  669 
4,87  3 

9 

42 

2,  385 
2,  500 

2,  618 
2,739 
2,862 

2,  687 
2,817 

2,  949 

3 

43 

3,766 

6 

44 

3,280 
3,431 

3,  942 

4,  123 
4,  307 
4,496 

1 

45 

3,  085 
3,223 

2 

46 

3,  584 

3,  946 

4,  119 

2 

47 

3,  364 

3,742 

1 

Basis : 
No.    trees 

10 

27 

46 

62 

72 

87 

129 

107 

95 

62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  *  0.  334337  D^H  -  30.  126317  for  D^  H  larger  than  1,  386. 

Standard  error  of  estimate :    ±  12,  46  percent. 

Diameter  classes  full-inch;  e.    g.    20-Lnch  class  includes  20.0  to  20.9. 
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-Scaiing  diainetera  of  16.  5-fooC  logs  of  the  average  tree  in  each  merchantable  height  i 
blackjack  ponderosa  pine 


nd  diameter  class. 


Merchant- 
able height 
logs 


IMameter 

breast 
height 


Position    of    log    in    the    tree 


1.0       1.5      2.0      2,5       3.0       3.5      4.0       4.5       5.0       5.5      6.0 


Merchant- 
able height 
logs 


Diametei 
breast 

height 


Position    of    log    in    the    tree 


2.0      2.5       3.0       3.5      4.0      4.5       5.0       5.  5      6.0 


Diameter  inside  bark  in  inches 


Diameter  inside  bark  In  inches 


12.5 

9 

13.5 

9 

14.5 

10 

15.5 

10 

12.5 

9 

8 

13.5 

10 

9 

14.5 

10 

9 

15.5 

9 

16.5 

10 

17.5 

10 

12.  5 

13.5 

14.5 

15.5 

16.5 

17.5 

18.5 

19.5 

20.5 

21.5 

22.5 

23.5 

24.  5 

12.5 

13.  5 

14.5 

15.5 

16.5 

17.5 

18.5 

19.5 

20.5 

21.5 

22.5 

23.5 

24.5 

18 

13 

11 

14 

12 

14 

12 

22.5 

17 

14 

10 

23.5 

18 

15 

11 

24.5 

19 

15 

11 

25.5 

19 

16 

11 

26.5 

20 

17 

12 

27.  5 

21 

17 

12 

28.5 

22 

18 

13 

29.5 

22 

18 

13 

30.5 

23 

19 

14 

31.5 

24 

19 

14 

32.5 

24 

20 

14 

33.  5 

25 

21 

15 

34.  5 

26 

21 

15 

35.5 

26 

22 

16 

15.5 

13 

11 

9 

8 

16.5 

14 

12 

9 

8 

17.5 

15 

12 

10 

9 

18.5 

15 

13 

10 

9 

19.5 

16 

13 

10 

9 

20.5 

17 

14 

11 

9 

21.5 

17 

15 

11 

9 

22.  5 

18 

15 

12 

10 

23.5 

19 

16 

12 

10 

24.5 

19 

17 

13 

10 

25.  5 

20 

17 

13 

11 

26.5 

21 

18 

13 

11 

27.5 

21 

18 

14 

12 

28.  5 

22 

19 

14 

12 

29.5 

23 

20 

15 

12 

30.  5 

23 

20 

15 

13 

31.5 

24 

21 

15 

13 

32.5 

25 

21 

16 

13 

33.5 

26 

22 

16 

14 

34.5 

26 

23 

17 

14 

35.5 

27 

23 

17 

15 

36.5 

28 

24 

18 

15 

37.  5 

28 

25 

18 

15 

38.5 

29 

25 

18 

16 

16.5 

14 

17.5 

15 

18.5 

16 

19.5 

16 

20.5 

17 

21.5 

18 

22.5 

19 

23.5 

19 

24.5 

20 

29.5 

23 

30.5 

24 

31.5 

25 

32.5 

26 

33.5 

26 

34.5 

27 

35.5 

27 

36.5 

28 

37.  5 

29 

38.  5 

30 

18.5 

16 

19.5 

17 

20.5 

18 

21.5 

18 

22.5 

19 

23.5 

20 

24.5 

20 

25.5 

21 

26.5 

22 

27.5 

22 

28.5 

23 

29.5 

24 

30.5 

25 

31.5 

25 

32.5 

26 

33.5 

27 

34.5 

27 

35.5 

28 

36.5 

29 

37.5 

29 

38.5 

30 

23.5 

20 

24.5 

21 

25.5 

21 

26.5 

22 

27.5 

23 

28.5 

24 

29.5 

24 

30.5 

25 

31.5 

26 

32.5 

27 

33.5 

27 

34.5 

28 

35.5 

29 

36.5 

30 

37.5 

30 

38.5 

31 

26.  6 

22 

27.5 

23 

28.5 

24 

29.5 

25 

30.5 

26 

31.5 

26 

32.5 

27 

33.5 

28 

34.  5 

29 

35.  5 

30 

36.5 

30 

37.  5 

31 

38.  5 

32 

26.5 

23 

27.5 

23 

28.5 

24 

29.5 

25 

30.5 

26 

31.5 

27 

32.5 

28 

33.5 

28 

34.5 

29 

35.5 

30 

36.5 

31 

24 
24 
25 
26 
26 

15 
15 
16 
16 


25 
25 
26 
26 
27 


25 
25 
26 
27 
28 
28 
29 
30 


24 

25 


18 
19 
19 
20 
20 
21 


21 
22 
22 
23 
23 


15 

12 

15 

12 

16 

12 

16 

13 

16 

13 

17 

13 

17 

13 

14 

10 

14 

10 

14 

10 

15 

10 

15 

10 

16 

16 

16 

17 

17 

18 

12 

18 

12 

18 

12 

19 

12 

19 
20 

13 
13 

16 

13 

16 

13 

16 

14 

17 

14 

22 


Table  9b.  --Scaling  diameter 


i  of  16.  5-foot  logs  of  the  average  tree  in  each  merchantable  height  i 
old-growth  ponderosa  pine 


nd  diameter  clas 


height 


ition    of    log    in    the    ti 


1.0       1.5       2.0       2.  5       3.0       3.5       4.0       4.5       5.0       5.  5       6.0 


Merchant- 
able height 
logs 


Diamete] 

breast 
height 


Position    of    log    in    the    tree 


1.0        1.5       2.0       2.5       3.0       3.5       4.0       4.5       5.0       5.  5       6.0 


12.5 
13.5 

14.5 


14.5 

11 

9 

15.5 

11 

10 

16.5 

12 

11 

17.5 

13 

11 

12.5 

10 

8 

13.5 

10 

8 

14.5 

11 

9 

15.5 

12 

9 

16.5 

13 

9 

17.5 

13 

10 

18.5 

14 

10 

19.5 

15 

11 

20.5 

16 

11 

21.5 

16 

12 

15.5 

12 

10 

9 

16.5 

13 

11 

9 

17.5 

14 

11 

9 

18.5 

15 

12 

10 

19.5 

15 

12 

11 

20.5 

16 

13 

11 

21.5 

17 

13 

12 

22.5 

18 

14 

12 

12.  5 

10 

9 

8 

13.5 

11 

10 

8 

14.5 

12 

10 

8 

15.5 

13 

11 

8 

16.5 

13 

11 

9 

17.5 

14 

12 

9 

18.5 

15 

13 

9 

19.5 

16 

13 

9 

20.5 

17 

14 

10 

21.5 

17 

14 

10 

22.5 

18 

15 

10 

23.5 

19 

16 

10 

24.5 

20 

16 

11 

25.5 

21 

17 

11 

26.5 

21 

18 

11 

27.5 

22 

18 

11 

28.  5 

23 

19 

12 

4.0 

33.5 

28 

25 

20 

13 

(continued) 

34.  5 

29 

25 

21 

13 

35.5 

29 

26 

21 

13 

36.5 

30 

27 

22 

14 

37.  5 

31 

28 

23 

14 

38.5 

32 

29 

23 

14 

39.  5 

33 

29 

24 

14 

40.  5 

33 

30 

25 

15 

41.5 

34 

31 

25 

15 

4.5 

18.5 

16 

14 

13 

11 

9 

19.  5 

17 

15 

13 

11 

9 

20.  5 

17 

16 

14 

11 

9 

21.5 

18 

16 

14 

12 

9 

22.5 

19 

17 

15 

12 

10 

23.5 

20 

18 

15 

12 

10 

24.5 

20 

19 

16 

13 

10 

25.5 

21 

19 

17 

13 

10 

26.  5 

22 

20 

17 

13 

11 

27.  5 

23 

21 

18 

14 

11 

28.5 

24 

22 

18 

14 

11 

29.5 

25 

22 

19 

14 

11 

30.5 

26 

23 

20 

15 

12 

31.5 

26 

24 

20 

15 

12 

32.5 

27 

25 

21 

15 

12 

33.5 

28 

25 

21 

16 

12 

34.  5 

29 

26 

22 

16 

13 

35.5 

30 

27 

23 

17 

13 

36.  5 

31 

28 

23 

17 

13 

37.5 

32 

28 

24 

17 

13 

38.  5 

33 

29 

25 

18 

14 

39.  5 

34 

30 

25 

18 

14 

20 

5 

21 

5 

22 

5 

23 

5 

24 

5 

25 

5 

26 

5 

25 
26 


16.5 

14 

17.5 

15 

18.5 

15 

19.5 

16 

20.5 

17 

21.5 

18 

22.5 

18 

23.5 

19 

24.5 

20 

25.5 

21 

26.5 

22 

29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 

15.  5 


19 
20 
21 


17.5 

15 

13 

12 

9 

18.5 

16 

14 

12 

9 

19.5 

16 

15 

12 

9 

20.5 

17 

15 

13 

9 

21.5 

18 

16 

13 

9 

22.5 

19 

17 

14 

10 

23.5 

20 

17 

14 

10 

24.5 

20 

18 

15 

10 

25.5 

21 

19 

15 

11 

26.5 

22 

19 

16 

11 

27.5 

23 

20 

16 

11 

28.5 

24 

21 

17 

11 

29.5 

24 

22 

18 

12 

30.5 

25 

22 

18 

12 

31.5 

26 

23 

19 

12 

28.  5 

24 

29.  5 

25 

30.5 

26 

27.  5 

28.  5 
29.5 


19 

17 

15 

20 

18 

15 

21 

18 

16 

21 

19 

16 

22 

20 

17 

23 

20 

17 

24 

21 

18 

24 

22 

18 

25 

22 

19 

26 

23 

19 

26 

24 

20 

27 

24 

20 

28 

25 

21 

29 

26 

22 

29 

26 

22 

30 

27 

23 

31 

28 

23 

32 

28 

24 

33 

29 

25 

22 

21 

18 

23 

21 

19 

24 

22 

19 

30.  5 

26 

25 

31.  5 

27 

25 

32.  5 

28 

26 

33.5 

29 

27 

34.5 

30 

28 

35.  5 

31 

28 

36.5 

32 

29 

37.5 

33 

30 

38.  5 

34 

31 

39.  5 

35 

32 

40,5 

36 

32 

41.  5 

37 

33 

12 

10 

13 

10 

13 

10 

13 

10 

13 

11 

15 

12 

16 

12 

16 

13 

16 

13 

17 

13 

17 

13 

23 


Table   10.  --Percentage  of  total  board-foot  volume  in  each  log  of  a  tree, 
ponderosa  pine 


D.b.h.    (inches) 
and 
tree  height 
(logs) 


Position     of    log     in     the     tree 


1.0 


1.5  2.0  2.5  3.0  3.5  4.0  4.5 


5.0 


6.0  6.5 


Trees   12  inches  d.b.h. 


1.0 
1.5 
2.0 
2.5 
3.0 
3.5 


100 
73 
59 
50 
41 
33 


41 
36 
34 
31 


14 


Percent  of  total  tree  volume 


25 
23 


13 


Trees  20  inches  d.b.h. 


1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 


78 
68 
58 
49 
41 
37 
32 
28 
25 
24 


22 


32 
32 
33 
33 
32 
30 
27 
25 
22 


10 


18 
19 
20 
21 
22 
22 
22 


11 
13 
15 
16 
17 


10 
12 


Trees  30  inches  d.  b.  h.  : 


2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 


65 
57 
49 
44 
39 
34 
30 
26 
24 


28 
32 
32 
31 
29 
28 
26 
25 
23 


11 
15 
17 
19 
21 
21 
22 
22 


10 
13 
14 
15 

15 


4 

7 

9 

11 


Trees  40  inches  d.b.h.; 


4.0 
4.5 
5.0 
5.5 
6.0 
6.5 


51 
46 
42 
37 

33 
30 


30 
28 

27 
27 
26 
24 


13 
16 
18 
19 
20 
20 


6 
8 
10 
11 
12 
12 


Table  11.  --Volumes  of  top  wood  between  the  upper  limit  of  saw-log  utilization  and  4.0  inches  d.i.b. 
as  percentages  of  merchantable  cubic-foot  volume  to  4.0-inch  top,    southwestern  ponderosa  pine 


Diameter  breast 

A 

ge 

c  1  a  s 

s 

Diameter  breast 

Age 

cla 

s  s 

height  class' 

"        height  class 

(inches) 

Blackjack 

s 

Old  growth 

']           (inches) 

Blackj 

acks 

Old  growth 

Percent 

Percent 

12.0 

35.5 

28.3 

28.0 

4.0 

3.3 

14.0 

21.8 

19.  1 

30.0 

3.7 

3.  1 

16.0 

14.2 

13.  3 

32.0 

3.2 

2.9 

18.0 

9.4 

8.9 

34.0 

2.8 

2.7 

20.0 

7.2 

6.2 

36.0 

2.4 

2.5 

22.0 

5.9 

5.1 

38.0 

2.0 

2.  3 

24.0 

5.0 

4.2 

40.0 

1.6 

2.  1 

26.0 

4.5 

3.7 

42.0 

1.2 

2.0 

'Full-inch  diameter  classes  by  2 -inch  intervals,    e.g.,   20.  0-inch  class  includes  19.0to20.9. 
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VOLUME,  TAPER,  AND  RELATED  TABLES  FOR 
SOUTHWESTERN  PONDEROSA  PINE 

by 
Clifford  A.    Myers 


INTRODUCTION 

The  tables  presented  here  give  the  basic  mensurational  values  needed  to 
measure  ponderosa  pines  (PLnus  ponderosa  Laws.  )  in  Arizona  and  New  Mexico. 
They  provide  timber  cruisers  and  growth  estimators  with  the  following: 

1.  Volumes  in  cubic  feet  to  various  limits  of  utilization. 

2.  Volumes  in  board  feet,    International  1/4-inch  and  Scribner  log 
rules. 

3.  Scaling  diameters  of  each  log  in  trees  of  various  diameter  and 
merchantable  height  classes. 

4.  Distribution  of  board-foot  volume  among  the  logs  of  a  tree. 

5.  Volumes  of  merchantable  top  wood  as  percentages  of  merchantable 
cubic  feet  to  a  4.  0-inch  top. 

Sample  trees  were  measured  in  all  areas  of  commercial  ponderosa  pine   in 
Arizona  and  New  Mexico.^     Standards  conformed  to  the  needs  of  Forest  Survey  and 
the  National  Forests  of  the  Southwestern  Region. 

Separate  volume  and  taper  tables  were  prepared  for  blackjack  and  old-growth 
ponderosa  pines.  Blackjacks  and  old-growth  pines  of  equal  diameter  and  height 
differ  in  taper  and  volume.^  Blackjack  pines  are  immature  or  young  mature  trees 
with  dark  bark  and  relatively  rapid  taper.  Old-growth  pines  have  yellowish  bark, 
often  in  broad,  flat  plates,  and  less  taper  than  blackjacks.  Trees  in  these  two 
groups  have  been  tallied  separately  in  cruising  and  other  measurement  work  in 
the  Southwest  for  many  years. 


^     Field  measurements  were  made  by  personnel  of  the  Southwestern  Region, 
U.    S.    Forest  Service,    under  the  direction  of  Mr.    Frank  Bell. 

^     Hornibrook,    Ezra  M.     Scribner  volume  tables  for  cut-over  stands  of 
ponderosa  pine  in  Arizona.      Jour.    Agr.    Res.    52;    961-974.      1936. 
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DEFINITIONS   AND   STANDARDS 


Definitions  of  variables  used  in  the 
tables,    and  of  standards  followed  in  field 
measurement  and  computations  are  as 
follows  : 

Diameter  breast  high  (d.  b.  h.  )•  -- 
Measured  to  0.  1   inch  outside  bark 
4.  5  feet  above  ground  level  at  the 
uphill  side  of  the  tree.      Full-inch 
diameter  classes,    with  class  mid- 
points at  the  half-inch  marks,  were 
used  in  the  tables  (12.5,   13.  S,  etc.). 

Scaling  diameter  of  logs.  --Average 
diameter  inside  bark  to  0.  1   inch, 
measured  at  the  upper  (small)  end 
of  logs  or  half -logs.     Saw  log  dia- 
meter classes  followed  conventional 
scaling  practice  v/ith  the  class  mid- 
points at  even  inches  (8.  0,   9.  0,  etc.  ). 


Minimum  top  diameter  of  sawtimber 
trees.  --Diameter  inside  bark  that 
represents  average  full  saw  log  uti- 
lization of  Southwestern  ponderosa 
pine.      Logs  with  a  scaling  diameter 
less  than  7.  6  inches   (8 -inch  class) 
■were  not  included  in  saw  log  volume, 
w^hich  conforms  to  the  practice  in 
most  of  Arizona  and  New  Mexico. 
The  average  minimum  top  diameters, 
inside  bark,    used  in  computing  tree 
volumes  were: 


M 

inimum  top 

Tree  d.b.  h. 

saw 

log 

diameter 

(Inches) 

(Inches) 

12-13 

8 

14-21 

9 

22-26 

10 

27-31 

11 

32-35 

12 

36-39 

13 

40-42 

14 

43-45 

15 

46-47 

16 
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Total  height.  --Measured  from 
ground  level  at  the  uphill  side    of 
the  tree  upward  to  the  tip.     Forked, 
stag -topped,    or  other  deformed 
trees    were    not    included    in   the 
sample.     Midpoints    of  the   total 
height  classes  used  in  the  tables 
were  multiples  of  10.  0  feet. 

Height  in  logs.  --Measured  from 
the  top  of  a  stump  1 .  0  foot  high  up- 
ward to  the  limit  of  saw  log  utili- 
zation.    Each   tree    was    divided 
into  as  many  standard  16.  5 -foot - 
long  logs  as  possible.     An  addi- 
tional half -log,     if   present,     was 
taken  from  the  uppermost  part  of 
the  merchantable  length.    Portions 
of   the    bole    above    the   height   of 
minimum  top  saw  log  dianneter 
w^ere  included  in  the  uppermost 
saw  log  if  the  standard  length  of 
the  log  or  half -log    ended  within 
4.0  feet  above  this  height.      This 
was  done  to  avoid  biased  negative 
error  in  volumes     and  positive 
error  in  top  diameter  averages. 


EXPLANATION  OF    TABLES 

The  general    definitions    and  stand- 
ards given  apply  to  all  tables.    Explanation 
of  each  type  of  table  and  suggestions  for 
use  are  presented  here. 


VOLUME    TABLES 

Headings  and  footnotes  with  each 
volume  table  (tables  la -8b)  give  the 
volume  unit,  type  of  height  measure- 
ment, and  utilization  standards  used  in 
its  compilation.  Ten -foot  or  half -log 
height  classes  and  full-inch  diameter 
classes  were  used  in  all  tables. 


Chapman,    Herman  H.  ,    and 
Meyer,    Walter  H.      Rules  for  measuring 
standard  merchantable  heights,    p.    92. 
In  Forest  Mensuration.     522  pp.  ,    illus. 
New  York:   McGraw-Hill  Book  Co.    1950. 
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The  volume  tables  were  derived  from  linear  regressions  in  V  and  D^H,  given 
in  the  footnotes,    of  the  form: 

V  =  a  +  b  D^H,    where: 

V  =  gross  volume  in  the  appropriate  unit 

D  =  diameter  breast  high  outside  bark 

H  =  total  height  in  feet  or  merchantable  height  in  logs 

a,  b  =  regression  constants 

Equations  for  cubic  volunnes  of  sa'wtimber  trees,  with  heights  in  feet,  apply 
over  the  full  range  of  the  basic  data.  Other  equations  correctly  expressed  the 
relationship  between  volume  and  D^  H  except  for  the  smallest  trees  or  the  lowest 
values  of  D^  H.  Tabular  volumes  for  values  of  D  H  below  the  limits  given  with 
these  equations  were  determined  directly  from  the  basic  data  as  separate  linear 
relationships. 

The  number  of  logs  in  a  tree  shown  in  the  tables  is  not  necessarily  the  number 
that  will  actually  be  cut  from  it.      Instead,    it  is  the  number  of  logs  between  the  stump 
and  the  height  where  minimum  top  diameter  is  reached.     To  locate  the  minimum  top, 
the  "4-foot  rule"  explained  on  page  Z  should  be  used. 

Volume  of  nonmerchantable  logs  below  the  height  of  minimum  top  diameter 
should  be  deducted  according  to  the  percentages  in  table   10,    not  by  tallying  fewer 
logs  in  the  tree.      For  example,    assume  that  a  sound  blackjack  30  inches  in   dia- 
meter has  a  bole  length  of  8Z.  5  feet    (5  logs)   between   the    stump    and   the   height 
where  diameter  inside  bark  is   1 1   inches.      The  tree  has  a  gross  volume  of  1,  344 
board  feet  Scribner  rule  (table   6a).      The  top  log  is  too  limby  to  send  to  the  saw- 
mill.     This  log  contains  4  percent  of  the  board  feet  in  the  tree   (table   10)  and  the 
other  logs  contain  96  percent.      When  4  percent  or  54  board  feet  is  deducted,    the 
tree  contains   1,  290  board  feet.     If  the  tree  were  tallied  as  a  30-inch,    4-log  tree, 
it  would  be  incorrectly  credited  with  a  volume  of  1,  065  board  feet. 


SCALING   DIAMETERS   OF    LOGS   IN   A    TREE 

Tabulated  scaling  diameters  (tables  9a,  9b)  represent  average  tapers  for  the 
sample  of  trees  measured.  The  range  of  tree  diameters  and  heights  is  less  than 
for  the  volume  tables  because  too  few  trees  were  measured  in  some  height  and 
diameter  classes  to  insure  reliable  averages. 

Tree  volumes  obtained  by  summing  the  volumes  of  logs  with  the  indicated 
scaling  diameters  will  not  equal  tree  volumes  in  the  volume  tables.  Taper  tables 
are  constructed  by  averaging  diameters  at  the  taper  points,  while  volume  tables 
are  based  on  averages  of  tree  volumes.  Tree  volumes  computed  from  the  taper 
tables  will  usually  differ  from  volume  table  values  by  less  than  10  percent,  however. 

Top  logs  in  the  taper  tables  do  not  always  have  the  minimum  top  scaling  dia- 
meter appropriate  for  the  size  of  tree.      That  is  because  the  saw  log  trees  were  not 
utilized  to  a  fixed  top  diameter,    but  in  lengths  that  were  multiples  of  8.  2  5  feet.     For 
example,    scaling  diameters  of  top  logs  or  half -logs  of  20 -inch  blackjacks  (table  9a) 


range    from    9    inches  (4.  5-log  trees)   to    1  1    inches   (Z-log  trees).      However,    most 
sample  trees  20  inches  in  diameter  were  utilized  to  a  9-inch  top. 

Despite  these  limitations,  taper  tables  are  useful  tools  for  tree  measurement. 
One  use  is  for  estimating  volume  by  log -quality  classes.  The  logs  of  a  tree  usually 
differ  in  grade,  but  this  difference  cannot  be  shown  by  the  values  in  a  volunne  table. 
If  the  scaling  diameter  and  grade  of  each  log  of  a  tree  is  known,  volumes  in  each 
log -quality  class  can  be  determined. 


PERCENTAGE  OF  TREE  BOARD-FOOT  VOLUME  IN  EACH  LOG 

The  board-foot  volume  in  each  log-quality  class  can  also  be  determined  with 
the  percentages  from  table   10.     Each  line  in  the  body  of  the  table  gives  the  distribu- 
tion of  volume  among  the  logs  of   a   tree    of   specified   diameter    and   merchantable 
length.      In  30-inch,    3 -log  trees,    the  butt  log  contains  57  percent  of  the  board  feet, 
the  middle  log  contains   32  percent,    and  the  top  log   11  percent.     A  30 -inch,    3 -log 
blackjack  contains  785  board  feet  Scribner  rule   (table  6a).      The  volume  of  each  log, 
from  the  butt   upwards,     is    448,    251,    and   86   board   feet.      These    amounts    can   be 
assigned  to  the  proper  log-quality  classes. 

An  important  use  of  table   10  has  already  been  explained  in  the  description  of 
the  volume  tables.     Nonmerchantable  logs  below  the  height  of  minimum  top  diameter 
should  be  deducted  from  tree  volume  by  means    of   the    percentages    shown,     not   by 
tallying  fewer  logs  in  the  tree. 

The  percentages  in  table   10  can  be  used  for  both  old-growth  and  blackjack 
ponderosa  pines,    and  with  both  the  Scribner  and  International  1/4-inch  log  rules. 
Percentages  for  diameters  that  are  not  included  can  be  obtained  by  interpolation. 


CONVERSION  FACTORS  FOR  VOLUME  OF  MERCHANTABLE  TOPS 

Wood  4.0  inches  in  diameter  or  larger    inside   bark   that  is  not  harvested  for 
saw  logs  is  often  suitable  for  pulpwood.     Top  wood  volumes  can  be  computed  directly 
by  means  of  the  appropriate  volume  tables   (tables  2a,  4a;  2b,  4b)  but  it  is    sometimes 
more  convenient  to  obtain  them  by  converting  other  measures  of  volume. 

The  conversion  factors   (table   11)  were  obtained  by  determining  for   each  tree 
the  percent  volume  of   sapwood  from  the  formula: 

Volume  from  upper  limit  of  utilization  for  saw  logs 

to  4.  0  inches  d.  i.  b. v     ^qq 

Merchantable  cubic -foot  volume,   stump  to  4.  0-inch  top 

The   resulting  percentages  were  then  smoothed  graphically. 

Each  conversion  factor  is  the  average  percentage  of  merchantable  cubic -foot 
volume  (tables  2a,    2b,    3a,    3b)  left  in  the  tops  after  saw  log  harvest.      For  example, 
a  stand  containing  1,  000  merchantable  cubic  feet  of  wood  in  old-growth  trees   13.  0 
to  14.  9  inches  diameter  has   1000  X    0.  191  or   191  cubic  feet  of  usable  top  wood. 
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Table   la.  --Volumes  of  entire  stem  in  cubic  feet,    blackjack  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark 
Entire  stem  including  stump  and  top 


Total  height  above  ground 


Block  Indicates  extent  of  basic  data. 

Derived  from:   V  =  0.001821  D^H  +  O.587O  for  D^H  to  6,000. 

V  =  0.002103  D^'H  -  1.091458  for  D^H  larger  than  6,000. 
Standard  error  of  estimate:   +  16.48  percent. 
Diameter  classes  full-inch;  e.g.  20-lnch  class  includes  20.0  to  20.9. 


Diameter 
breast  height 

To  ta 

1  he 

gh  t  in  f  e 

e  t 

Basis: 

outside  bark 
(Inches) 

20 

30 

40 

50 

60 

70 

80     90     100    110 

120 

130 

140 

Trees 

Volu 

5.  21 
6.74 

me  in  cubic  £e 

9.81 

12.2 
15.  1 

e  t 
5 

1 
4 

138 

150 

163 

176  1 

177 

206 
222 

2  38 

No. 

1  3.35 

5 

1  1.69 

2.24 
2.90 
3.67 

2.79 
3.67 
4.69 
5.86 

7.  17 
1  8.63 
10.2 
12.  1 

14.2 
16.6 
19.  1 

10 

6 
7 

2.  13 
2.64 
3.22 

3.88 
4.61 
5.41 
6.29 

4.44 
5.72 
7.  18 

8.82 
10.6 
12.8 
15.3 

18.  1 
21.0 
24.2 
27.5 

31.  1 
34.9 

20 
U 

8 

4.54 

8.49 

10.  5 
12.8 
15.6 
18.6 

21.9 
25.4 
29.2 
33.  3 

37.6 
42.  1 
46.9 
51.9 

57.2 
62.8 

12 

9 

5.53 

19 

10 

6.62 

14 

U 

7.82 
9.  14 

18.4 
21.9 

25.7 
29.9 
34.  3 
39.0 

44.0 
49.  3 
54.9 
60.8 

67.0 
73.4 

1  21.2 

22 

12 

25.2 
29.6 

28. 
33. 

34 

13 

10.6 
12.2 
14.  1 

4 

33 

14 

1  34.  3 

38. 

7 

4 
4 

43. 
49. 
56. 

32 

15 

39.3 

44. 

33 

16 

21.8 

24.7 
27.7 
30.9 
34.3 

44.7    50. 

50.4   56. 
56.  5   63. 
62.9   70. 

69.6  78. 

76.7  86. 

2 

32 

17 

9 

63. 

3 

69.8 

41 

18 

7 
9 

70. 
78. 

9 
9 

78.  1 
86.9 

36 

19 

38.9  1 

30 

20 

43.  1 

4 

87. 

3 

96.1 

34 

21 

47.5 
52.  1 
57.0 
62.0 

• 

4 

96. 

1 

106 
116 

26 

22 

84.  1 

94. 
103 
113 

7 

105 

L 

37 

23 

68.6 

80.2 

2    91.8 

115 
125 

136 
147 
158 
170 

182 
195 
208 
221 

235 
249 
264 
279 

127 
138 

149 
161 
174 
187 

200 

26 

24 

74.6 

87.3 

94.6 
102 

99.9 

32 

25 

81.0 
87.5 
94.  3 
101 

109 
116 
124 
132 

141 

108    122 
117    132 
126    142 
136    153 

145    164 
155    175 

24 

26 

191 
206 
221 

30 

27 

110 
118 

190 

23 

28 

204 
219 

27 

29 

127 
136 

2  37 

255 

19 

30 

[ 

214 

234 
249 
265 

282 
299 
317 
335 

354 

253 
27  0 

273 
291 
310 

24 

31 

145 
154 

166 

187 

228 

18 

32 

177 

199 

243 

288 

306 

18 

33 

164 

188 

211 

259 
274 
290 
307 

329 

15 

34 

174 
184 
195 

206 
217 

199    224 
211    237 

324 

349 

21 

35 

343 

370  1 

15 

36 

223 

251 

363 

391 

413 
435 
458 
482 

506 
531 
556 

22 

37 

235 

265 

295 

324 

383 
404 

9 

38 

248 

279 

311  1 

342 

J    373 
393 

4 

39 

261    294 
309 

325 
341 
357 

327 
344 

361 

1 

360 

42  5 

4 

40 

378 

413 

447 

47  0 
493 
516 

3 

41 

397 

J    434 
455 
476 

2 

42 

[ 

379 

417 
437 

0 

43 

397 

J 

1 

Basis: 
No.  trees 

2 

23 

39 

70 

105 

115 

139    127 

103 

58 

16 

12 

4 

813 
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Table  lb.  --Volumes  of  entire  stem  in  cubic  feet,    old-growth  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark 


Entire  stem  including  stump  and  top 


Total  height  above  ground 


Diameter  '_ 
breast  height  ' 

Tc 

t 

1 1  h  e  1 

gh  t  in 

i( 

e  t 

Basis : 

outside  bark  ] 
(Inches)    ] 

40 

50 

60 

70 

80 

90 

100 

110      120 

130 

140 

Trees 

-  -  - 

-  -  - 

-  - 

- 

-  - 

- 

-  Vol 

u  m  e  in 

cubic 

f 

No. 

] 

125 

261 
280 
299 
319 

340 
361 
38  3 
406 

429 
453 
477  1 

12 

14.0 
16.4 

17.6 
20.6 
23.8 
27.  3 

30.  9 
34.8 
39.  0 

21. 
24. 
28. 
32. 

37. 
41. 

46. 
52. 

57. 
63. 
69. 
75. 

8 
6 
8 

2 
9 

9 

1 

6 
4 
5 
9 

24. 
29. 
33. 
38. 

43. 
48. 
54. 
60. 

67. 
74. 
81. 
88. 

96. 
104 
113 
121 

130 

8 
0 
5 
3 

5 
9 
7 
9 

3 
1 
2 
6 

3 

28. 

33. 

38. 

.  43. 

49. 
56. 
62. 
69. 

77. 
84. 
92. 
101 

110 
119 
129 
139 

149 
160 
171 
182 

194 
206 
219 

4 
2 

3 
8 

7 
0 
6 

6 

0 
7 
8 

32. 
37. 

43. 
49. 

56. 
63. 
70. 
78. 

86. 

95. 
104 
114 

124 
134 
145 
156 

168 
180 
192 
205 

218 
232 
246 
261 

27  6 
291 
307 
323 

0 

35. 

6 

21 

13 

4 
2 
4 

0 

41. 
48. 

54. 

62. 

6 
0 
9 

3 

25 

14 

19.0 

18 

15 
16 

21.7 
24.7 

26 
28 

17 
18 

27.8 
31.  1 

34.6 

0 
5 

70. 
78. 

1 
4 
1 

3 

1   77.1 
1   86.  3 

30 
24 

19 
20 

43.4 
48.  0 

4    87. 

7    96. 

4    106 
116 
127 

138 
149 
161 
174 

187 
200 
214 
228 

243 
258 
274 
290 

306 
323 
341 

95.9 
106 

105 
116 

27 
25 

21 

52.8 

117 
128 

127 

138  1 

39 

22 

57.9 
63.2 

J   139 
152 

151 
165 

179 
194 
210 
226 

29 

23 

139 

23 

24 

82. 

89. 

96. 

104 

112 
120 
128 
137 

5 
4 
6 

152 

164   1 
177 
191 

165 

30 

25 

179 

27 

26 
27 

194 
209 

:  35 
28 

28 

205       224 
220       240 
235       257 
251       274 

267       291 
284       310 
301       328 
319       348 

337       368 
356       388 
375       409 
395       431 

415       453 

243 

33 

29 

140 

260 

20 

30 

149 

278 
297 

316 
335 

23 

31 

159 

23 

32 

170 

30 

33 

180 
191 
203 

214 
226 
238 
251 

20 

34 

356 

21 

35 
36 

232 

245 

377 
398 

15 
22 

37 
38 

259 
27  3 
287 

420 
443 

18 
21 

39 

359 

467 

502 

528 
555 
582 
609 

638 
667 
696 
727 

12 

40 

302 
317 

339 

377 

490 
515 

8 

41 

356 

396 
415 

436 

47  5 
499 
522 

9 

42 

374 
392 

410 

457   1 

540 

3 

43 

435 

455 

47  9 

566 

6 

44 

501 

547 

592 
619 
647 

1 

45 

429 

47  6 

524 

571 

2 

46 

448 

497 

547 

597 

2 

47 

519 

571 

623 

67  5 

1 

Basis  : 
No.  trees 

8 

33 

53 

94 

120 

126 

123 

103        44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.  002302  D^  H  -  0.  402357. 

Standard  error  of  estimate :    ±  1 1.  44  percent. 

Diameter  classes  full-inch;  e.    g,    20-inch  class  includes  20.0  to  20.9. 


Table  2a.  --Merchantable  volumes  in  cubic  feet  to  a  4.0-inch  top,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 

Cubic  feet  inside  bark  Top  diameter  4.  0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Total 

height  in 

feet 

Basis: 

outside  bark 
(Inches) 

20 

30 

40 

50 

60 

70 

80     90     100    110 

120 

130 

140 

Trees 

-   -   V 

olume  in  cubi 

8.75 

11.0 
13.8 

c  feet 
9 

No. 

2.47 

4.28 
5.77 

67.2 
75.  3 
83.9 
93.0 

102 
]112 

134 
146 

158 
171 

172 

200 
216 
232 

5 

1  0.87 

1.40 
2.04 
2.78 

1.94 
2.79 
3.78 
4.  91 

6.  18 

7.  60 
9.16 

10.9 

12.9 
15.2 
17.7 

10 

6 
7 

1.29 
1.79 
2.  35 

2.99 
3.70 
4.48 
5.  33 

3.  53 
4.77 
6.  19 

7.78 
9.55 
11.  5 
14.0 

16.7 
19.6 
22.6 
25.9 

29.4 
33.  1 

20 
11 

8 

3.63 

7.47 

9.  38 
11.  5 
14.  3 
17.  2 

20.4 
23.9 
27.6 
31.  5 

35.7 
40.2 
44.8 
49.8 

55.0 
60.4 

12 

9 

4.59 

19 

10 

5.65 

14 

11 

6.82 
8.09 

17.0 
2  0.4 

24.2 
28.2 
32.  5 

37.  1 

42.0 
47.2 
52.7 
58.4 

64.5 
70.8 

19.7 

22 

12 

23.6 
27.9 

26. 

31. 

34 

13 

9.47 
11.0 
12.8 

7 

33 

14 

32.5 

36. 

8 
4 
3 

41.2 
47.  3 
53.9 

32 

15 

37.  5 

42. 

33 

16 

20.  3 

23.  1 
26.  1 
29.2 
32.5 

42.7  48. 

48.3   54. 
54.2   61. 
60.  5   68. 
67.  1   75. 

74.0   83. 
81.2   91. 

88.8  100 
96.7  109 

105    118 
113    128 
122    138 
132     148 

141     159 
151     170 

32 

17 

6 

60.9 

41 

18 

3 
3 

68.  3 
76.  1 

36 

19 

37.0 

30 

20 

41.  1 

7 

84.  3 

34 

21 

45.5 
50.0 
54.7 
59.6 

5 

93.0 

26 

22 

6 

102 

37 

23 

66.  1 

77.4 

111 
121 

132 
142 
153 
165 

177 
189 
202  [ 
215 

229 
243 
257 
272 

123 
134 

145 
157 
169 
182 

195 
208 

26 

24 

72.0 

84.3 

91.5 
99.0 

32 

25 

78.2 
84.6 
91.2 
98.  1 

105 
113 
120 
128 

136 

24 

26 

186 
200 
215 

30 

27 

107 

115 

185 

23 

28 

198 
213 

27 

29 

123 
132 

231 

248 

19 

30 

227 
243 
259 

275 
292 
309 
327 

345 

247 
263 

266 
284 
302 

25 

31 

141 
150 

161 

182 

222 

18 

32 

172 

193 

237 

252 
267 
283 
299 

316 
333 

280 
298 

18 

33 

159 

183 

206 

321 

15 

34 

169 
179 
190 

200 
211 

194    218 
205    231 

316 

341 

21 

35 

335 

361  1 

15 

36 

217 

244 

354 

381 

403 

425 
447 
47  0 

494 
518 
543 

22 

37 

229 

2  58 

287 

37  4 
394 

9 

38 

242 

272 

303 

364 
38  3 

4 

39 

255    287 
301 

317 
332 

348 

319 
335 

352 

351 

415 

4 

40 

369 
387 

403 

436 

458 
481 
504 

3 

41 

423 
444 
465 

2 

42 

43 

369 
387  1 

406 
426 

0 

1 

Basis: 
No.  trees 

2   2 

3 

39 

70 

05 

115 

139     127 

103 

58 

16 

12 

4 

813 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.001770  D^H  -  0.20550  for  D^H  to  6,500. 

V  =  0.002056  D^H  -  2.06l'J77  for  D^H  larger  than  6,500. 
Standard  error  of  estimate:   ±  lit.  81  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  2b.  --Merchantable  volumes  in  cubic  feet  to  a  4.0-inch  top,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  4.0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Tc 

t 

a  1  he 

g  h  t  in 

feet 

Basis  : 

outside  bark 
(Inches)    ] 

40 

50 

60 

70 

80 

90      100 

110 

120 

130 

140 

Trees 

-  - 

- 

- 

■  - 

-  - 

- 

-  - 

- 

-  Vo 

um  e  ir 

cubic 

f 

No. 

] 

74.  5 
83.  5 

101 
112 

122 

255 
27  3 
292 
312 

332 
353 
374 
396 

419 
443 
467  J 

12 

12. 
15. 

7 
0 

16. 
19. 
22. 
25. 

29. 
33. 
37. 

2 
1 
3 
6 

3 

1 
1 

19. 
23. 
27. 
31. 

35. 
40. 
44. 
50. 

55. 
61. 
67. 
73. 

7 
2 

0 

1 

4 
0 
9 
0 

4 
1 
1 
3 

23. 
27. 
31. 
36. 

41. 
46. 
52. 

58. 

64. 
71. 
78. 
85. 

93. 
101 
109 
118 

127 

2 
3 

7 
5 

5 
9 
6 
6 

9 

5 
5 
7 

3 

26. 
31. 
36. 
41. 

47. 
53. 
60. 
67. 

74. 
81. 
89. 
98. 

107 
116 
125 
135 

145 
156 
166 
178 

189 
201 
213 

7 

4 
5 
9 

7 
8 
3 
2 

4 
9 
9 
2 

30. 
35. 
41. 
47. 

53. 
60. 
68. 
75. 

83. 

92. 
101 
111 

120 
131 
141 
152 

163 
175 
187 
200 

213 
226 

240 

254 

269 
284 
299 
315 

3 

33. 

8 

21 

13 

5 
2 
3 

8 

39. 
46. 
52. 

60. 

7 
0 
7 

0 

25 

14 

17. 

5 

18 

15 
16 

20. 
23. 

2 

1 

26 
28 

17 
18 

26. 
29. 
32. 

2 

4 
9 

7 
0 

67. 
75. 

6 
7 
3 

3 

30 
24 

19 
20 

41. 
45. 

4 
9 

7  84. 

8  93. 
4    103 

113 
123 

134 
145 
157 
169 

182 
195 
208 
222 

237 
252 
267 
283 

299 
316 
333 

92.9 

103 
113 
124 

27 
25 

21 

50. 

7 

124 

134 

39 

22 

55. 
60. 

6 
8 

136 
148 

147 
160 

175 
189 
204 
220 

29 

23 

136 

23 

24 

79. 
86. 
93. 
101 

108 
116 
124 
133 

8 
5 
6 

147 
160 
173 
186 

200 
214 
229 
245 

261 
277 
294 
311 

329 
347 
366 
386 

405 
426 

161 

30 

25 

175 

27 

26 
27 

189 
203 

218 
2  34 
250 
267 

284 
302 
321 
340 

359 
379 
400 
421 

442 
465 
487 
511 

35 
28 

28 

2  37 

33 

29 

136 

254 

20 

30 

145 

27  1 
289 

308 
328 

23 

31 

155 

23 

32 

165 

30 

33 

176 
186 
197 

209 
221 
233 
245 

20 

34 

347 

21 

35 
36 

226 
239 

368 
389 

15 
22 

37 
38 

252 
266 
28  0 

411 
433 

18 

21 

39 

350 

456 

491 

516 
542 
569 
596 

624 
652 
681 
711 

12 

40 

294 
309 

331 

368 

47  9 
503 

8 

41 

348 

387 
406 

9 

42 

365 
38  3 

400 

447 

528 

3 

43 

42  5 
445 

468 
490 

553 

6 

44 

534 

579 
605 
632 

1 

45 

419 

465 

512 

559 

2 

46 

437 

486 

535 

584 
609 

2 

47 

507 

558 

660 

1 

Basis  : 
No.  trees 

8 

33 

53 

94 

120 

126 

123 

103 

44 

19 

2 

725 

Block  Indicates  extent  of  basic  data. 

Derived  from:    V  =  0.  002255  D^  H  -  1.440832. 

Standard  error  of  estimate:     ±  11.73  percent. 

Diameter  classes  full-inch;   e.    g.    20-inch  class  includes  20.  0  to  20.9. 
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Table   3a    -Merchantable  volumes  in  cubic  feet  to  a  4.  O-inch  top.  blackjack  ponderosa  pines 

Arizona  and  New  Mexico  .  ,     ^      , 

Top  diameter  4.0  inches  inside  bark 
Cubic  feet  inside  bark                                                                                                                                        Stump  height  1.  0  foot 
Merchantable  stem  excluding  stump  and  top _ 


Dianneter 

breast  height 

outside  bark 

(Inches) 


12 

13 
14 
15 

16 
17 
18 
19 

20 
21 

22 
23 

24 

25 

26 
27 

28 
29 
30 
31 

32 
33 
34 
35 

36 
37 
38 
39 

40 
41 
42 
43 


Basis: 

No.  trees 


1.0 


Number    of    merchantable     l6-foot    logs 


1.  S 


2.  0 


3.0 


3.  5 


4.0 


4.  5 


5.0 


Volume  in  cubic  feet 


14.0 

17.6 

15.2 

19.4 

16.5 

21.3 

17.9 

23.4 

19.3 

25.6 

20.9 

27.9 

21 


43 


21.2 
23.6 
26.  1 
28.9 

31.8 
35.0 
38.  3 


65.8 


77 


24.8  I  28.4 

27.8  32.0 

31.0  35.8 

34. 4  40. 0 

38.  1  44.4 

42.0  48.9 

46.1  53.7 
50.3  58.7 


36.  1 
40.7 


45.4 

50.4 
55.6 
61.2 
67.  1 


50.7 


56.4  62.4 
62.  4  I  69.2 
68.8  76.3 

75.5  83.9 


54.7  64.0  73.3  82.6|  91.9 

59.3  69.6  79.8  90.0  100 

64.2  75.4  86.6  97.8  109   _ 

69.3  81.5  93.7  106    118    130 


74.6  87.9  101 

8o!  1  I  94.5  109 

85.  9  101  117 

91.8  109  125 


185 

214 

195 

226 

205 

238  1 

250 


343 


368 
385 


83.9 
92.3 

101 
110 
120 


114    128  141 

123    138  152 

132    148  163 

142    159  175 

170  188 

181  201 

193  214 

206  228 

218  242 

232  256 

245  271 

259  287 

244    273  303 

2  57    288  319 

270  I   303  336 
284 

298 
313 
328 


319 

353 

335 

371 

1  351 

389 

407 
426 


93 


92 


117 


87 


78 


55 


Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.0460  D^H  +  6.80  for  D^H  to  800. 

V  =  0.0'4'J20lJ  D^H  +  8.266000  for  D^H  larger  than  800. 
Standard  error  of  estimate:   +  12.81  percent. 
Diameter  classes  full-inch;  e.g. 


'20-inch  class  includes  20.0  to  20.9. 


5.  5 


143 


154 
166 


179 
192 

206 
220 
234 
250 

265 
281 
298 

315 


17 


6.0 


6.  5 


7.  0 


181 


195 
209 


224 


r239 


255 
271 


210 
226 


242 


258 


276 
293 


278 
296 
315 


288 
306 
324 

312 
331 
350 

335 

356 
377 

343 

370 

398 

362 

391 

421 

Basis  : 
Trees 


No. 

32 
33 
32 
33 

32 
41 
36 
30 

34 
26 
37 
26 

32 
24 
30 
23 

27 
19 
24 
18 

18 
15 
21 
15 
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Table  3b.  --Merchantable  volumes  in  cubic  feet  to  a  4.0-inch  top,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Cubic  feet  inside  bark  ^  Top  dianaeter  4.0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter       ' 
breast  height  ' 

Numb  e  r 

o 

f    merchant 

able 

6-foot    logs 

Basis : 

outside  bark    ' 
(Inches)         ; 

1.0 

1.  5 

2.0 

2. 

5          3. 

0 

3.  5 

4.0 

4.5 

5.0           5.5 

6.0 

6.5 

7.0 

Trees 

-     -     - 

-     -     - 

-     -     ■ 

•     - 

-     -     - 

\ 

^o  1  um  e     in    c 

"1     33.6 

38.2   1    42.8 
["43.  2        48.5 

u  b  i  c     i 

e 

No. 

126 
138 
150 
162 

176 
189 
204 

309 
329 

349 
370 
392 

414 

437 
461 
485 
510 

536 
562 
589 
617 

645 
674 
703 
733 

12 
13 

13.8 
15.  1 

17.7 
19.7 
21.8 
24.  1 

26.6 
29.  1 

21.7 
24.  3 
27.2 
30.2 

33.5 
36.9 
40.  5 
44.4 

25. 
29. 
32. 

36. 

40. 
44. 
49. 
54. 

58. 
63. 
68. 

7       29. 
0        33. 
5        37. 

3  42. 

4  47. 
7        52. 
2        57. 
0        63. 

9        68. 
7        74. 

6 
6 
8 

4 

2 

4 
8 
C 

5 
3 
3 
6 

2 

■ 

21 
25 

14 

16.5 

18 

15 

18.0 
19.7 

48.  5 

54.  1 
59.  S 
65.6 
71.7 

78.  1 
84.9 
91.9 
99.  3 

107 
115 
123 
132 

141 
150 
160 

54.6 

60.3 

26 

16 

60.7 

66.9 
73.9 

28 

17 

21.4 

66.9 

30 

18 

31.9 
34.8 

37.8 
41.  0 

73.  5 
80.^ 

87.7 
95.4 

103 

112 

121 
130 
139 
149 

159 
170 
181 
192 

204 
216 
229 
241 

255 
268 
282 
296 

81.  3 
89.  1 

97.: 
I     106 
115 
125 

134 
145 
155 
167 

178 
190 
202 
215 

228 
242 
256 
270 

285 
300 
316 
3  32 

348 
365 

"^ 

89.  1 

24 

19 

97.8 

107 

27 

20 

48.  5 

107 

117 

25 

21 

52.7 
57.2 

117 

127 
138 

148    1 

39 

22 

7 

80. 

127 

161 
175 

189 
204 
220 
236 

252 
270 

29 

23 

74. 

79. 
85. 
91. 
97. 

104 
110 
117 
124 

132 

0 

5 
2 
2 
3 

86. 

93. 
100 
107 
115 

122 

137 

150 

23 

24 
25 
26 

148 
160 
171 

162 
174 
188 

30 
27 
35 

27 

184 

201 

218 
234 

28 

28 

197 

216 

33 

29 

130 

210            230 
224            245 
238             260 

252            277 
267             293 
28  3             310 
299             328 

316            346 
332            365 
350             384 
368            403 

386            423 
405            444 
424            465 

250 
266 

20 

30 

138 

287    1 

23 

31 

147 

170 

28  3 

301 
319 
337 

306 

325 
344 
365 
386 

407 
429 

23 

32 

156 

180 
191 

30 

33 

165 

20 

34 

174 
184 

194 
204 

201 
213 

224 

21 

35 

357 

15 

36 

37  6 
397 
418 
439 

461 
48  3 

22 

37 

236 

18 

38 

248 
261 

273 
287 

452    1 

21 

39 

47  5 
498 

12 

40 

311 

8 

41 

326 

523    1 

9 

42 

341 
357 

37  3 
390 
406 

38  3 
400 

418 

507 

548 
57  3 

600 
626 
654 
682    1 

3 

43 

444 

487 

530 

6 

44 

464 
484 

509 
5  32 

554 
57  9 
604 
630 

1 

45 

437 
456 

2 

46 

505 

555 

2 

47 

475 

527 

578 

1 

Basis: 
No.    trees 

10 

27 

46 

62 

72 

87 

129 

107 

95               62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.050666  D^H  +  5-86680  for  D^H  to  1,000. 

V  =  0.045736  D^H  +  10.857212  for  D^H  larger  than  1,000. 
Standard  error  of  estimate:   +  13-13  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  4a.  --Merchantable  volumes  in  cubic  feet  to  the  variable  top  limit  of  saw  log  utilization, 


blackjack  ponderosa  pines 
Arizona  and  New  Mexico 


Cubic  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height   1.  0  foot 


Block  indicates  extent  of  basic  data. 

Derived  from:       V  =  0.002043  D^H  -  6.744303. 

Standard  error  of  estimate:    ±  16.  17  percent. 

Diameter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 


Diameter 
breast  height 

Total  height  in  fe 

e  t 

Basis : 

outside  bark 
(Inches) 

30 

40 

50 

60 

70     80       90      100      110 

120 

130 

140 

Trees 

Volume  in  cubic  fe 

e  t 

No 

1 
2 

7 

7 

1 

129 

140 
153 
165 

166 

194 
210 

226 

0 

12 

1  2.83 

6.02 
8.  15 
10.4 
12.9 

9.22 
11.9 
14.7 
17.8 

21.  1 
24.  5 
28.2 

12.4 
15.6 
19.0 
22.7 

26.6 
30.8 
35.2 
39.9 

44.8 
49.9 
55.3 

15. 
19. 
23. 
27. 

32. 
37. 
42. 
47. 

53. 
59. 
65. 

6   18. 

8 
0 

22. 

26. 

2 
3 

32 

13 

4.43 
6.  14 
7.98 

3 

3 
6 

23. 

8 

33 

14 

27. 

6 

31. 

9 

4 

3 

36. 
42. 

48. 

32 

15 

32. 

5 

37. 

33 

16 

15.  5 
18.3 
21.2 
24.3 

2   37. 

1  43. 

2  49. 
6   55. 

4   61. 
4   68. 

8  43. 

3  49. 
2     56. 

4  63. 

9  70. 
8     78. 
0     86. 

5  94. 

4  104 

5  113 
122 
132 

143 
153 
164 

9 

62. 
70. 
78. 

32 

17 

6 

55. 

8 

41 

18 

2 
2 

63. 
70. 

2 
9 

36 

19 

32.1 

30 

20 

36.2 

5 
2 
3 

79. 

1 

87. 

34 

21 

40.5 
45.0 
49.7 

54.6 

87. 

7 

97. 
107 

26 

22 

7 

76. 

96. 

7 

37 

23 

61.0 

72. 

2 

83. 

8    106 

116 
126 
137 
148 

159 
171 
183 
196 

209 
223 
236 
251 

265 

117 

26 

24 

66.8 

79. 
86. 
93. 

1 

91. 

128 
139 
151 
163 

176 
189 

32 

25 

73.0 
79.3 
86.0 

92.8 
99.9 

107 

115 

123 
131   [ 

2   99. 

24 

26 

7 

108 

180 

194 

209 

30 

27 

101 
109 

117 
126 

179 

23 

28 

192 
207 

27 

29 

118 
126 

135 
145 

224 

242  1 

19 

30 

202 

221 

2  37 

2  52 
268 

285 
302 

320 

3  38 

240 
257 

259 
277 

295 

24 

31 

135 
144 

155 

176 

216 

18 

32 

166 

187 

231 

274 
291 

18 

33 

154 

177 

200 

245 
261 
276 

293 

314  1 

15 

34 

163 
173 

184 
194 
205 

188 
199 

211 

212 
225 

309 

334 

21 

35 

328 

354 

15 

36 

2  38 
252 

266 

347 

374 
395 
417 
440 

462 
486 
510 

534 

22 

37 

223 

281 

309 

367 
387 

9 

38 

236 

296 

326 

357 
376 

4 

39 

248 

280 

295 
310 
325 
341 

312 

328 
345 

344 

408 

4 

40 

362 

395 

429 
451 
47  3 
496 

3 

41 

380 

415 
436 
4  57 

2 

42 

362 

399 
419 

0 

43 

380 

1 

Basis: 
No.  trees 

1 

7 

38 

88 

110 

139 

127 

103 

58 

16 

12 

4 

703 
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Table  4b.  --Merchantable  volumes   in  cubic  feet  to  the  variable  top  limit  of  saw  log  utilization, 

old-growth  ponderosa  pines 
Arizona  and  New  Mexico 
Cubic  feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  he  ight 

Total  he 

ight 

in  feet 

Basis 

outside  bark 
(Inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

Trees 

-  ■ 

- 

-  - 

-  ■ 

-  - 

- 

... 

Volume  m  c 

u 

b_ 

ic  fe 

e 

t 

-  -  - 

-  -  -  - 

116 

248 
266 
285 
304 

324 
345 
366 
388 

410 
433 
457  1 

No. 

12 

8. 
11 

75 
1 

12 

15 
18 
21 

25 
28 
32 

2 

1 
2 
6 

1 
9 
9 

15. 
19. 
22. 
26. 

31. 
35. 
40. 
45. 

51. 
56. 
62. 
68. 

7 
2 
9 

9 

2 
7 
5 
6 

0 
6 
5 
6 

19.2 
23.2 
27.6 
32.  3 

37.  3 

42.6 
48.2 
54.  1 

60.  3 
66.9 
73.7 
80.9 

88.4 
96.2 

104 

113 

121 

22. 
27. 
32. 
37. 

43. 
49. 

55. 
62. 

69. 
77. 
85. 
93. 

102 
111 
120 
130 

139 
150 
160 
172 

183 
195 
207 

7 
3 
3 
6 

3 
4 
8 
6 

7 
2 
0 
2 

26. 
31. 
37. 
43. 

49. 
56. 
63. 
71. 

79. 

87. 

96. 

105 

115 
125 
136 
146 

158 
169 
181 
194 

206 
220 
233 
247 

262 
277 
292 
307 

1 

29. 

6 

21 

13 

4 
0 
0 

4 

35. 
41. 
48. 

55. 

4 

25 

14 

13 

6 

6 

18 

15 
16 

16 
19 

2 
1 

3 
4 

26 
28 

17 
18 

22 
25 
28. 

1 
3 
7 

2 

4 

63. 
71. 

0 
0 

69.8 
78.6 

30 
24 

19 
20 

37 
41 

2 

6 

0    79. 

0    88. 

4     97. 

3    108 

118 

128 
140 
151 
163 

176 
189 
202 
216 

230 

245 
260 
275 

291 
308 
325 

5 
4 

87.9 
97.7 

96.4 
107 

27 
25 

21 

46 

3 

7    108 

118 

129 

39 

22 

51 
56 

2 

3 

119  r 

130 
142 

141 
155 

169 
183 
198 
214 

29 

23 

130 

23 

24 

75. 
81. 
88. 
95. 

103 
111 
119 
127 

0 
7 
6 
8 

[ 

142 

155 

30 

25 

154   [ 

167 

180 

169 

27 

26 
27 

182 
197 

35 
28 

28 

194       212 
208       227 
223       243 
238      260 

253       277 
270       295 
286       313 
303       331 

321       351 
339       370 
358       391 
377       412 

396       433 

230 

33 

29 

130 

247 

20 

30 

140 

264 
282 

300 
320 

23 

31 

149 

23 

32 

159 

30 

33 

170 
180 
191 

202 
214 

226 
238 

20 

34 

339 

21 

35 
36 

219 
232 

360 
380 

15 
22 

37 
38 

245 
259 
27  3 

402 
424 

18 
21 

39 

342 

446 

481 

506 
532 
558 
585 

612 
640 
669 
698 

12 

40 

287 
302 

323 

360 

469 
493 

8 

41 

340 

378 
397 

417 

455 
477 
500 

9 

42 

357 
374 

392 

437   1 

518 

3 

43 

416 
436 

458 

542 

6 

44 

480 

524 

568 
594 
621 

1 

45 

410 

456 

502 

548 

2 

46 

428 

47  6 

524   1 

572 

2 

47 

497 

547 

598 

648 

1 

Basis: 

No.    trees 


33 


53 


94 


120 


126 


123 


103 


19 


725 


Block  indicates  extent  of  basic  data. 

Derived  from:        V  =  0.  002226  D^  H.  -  5.  161622. 

Standard  error  of -estimate:      ±  12.  34  percent. 

Diaimeter  classes  full-inch;  e.    g.    20-inch  class  includes  20.0  to  20.9. 
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Table  5a.  --Volumes  in  board-feet  Scribner  rule,   blackjack  ponderosa  pines 

Arizona  and  New  Mexico 

Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Dianneter 
breast  height 

Total    height 

in    feet 

Basis : 

outside  bark 
(Inches) 

30 

40 

50 

60 

70           80               90 

100 

110 

120 

130 

140 

Trees 

_      _      Vo^"*^^      '"      Kna 

r  d  -  f  e  e 

177 
219 

263 

]        353 
408 
466 

527 

592 

1       659 

806 

886 
969 
056 

059 

1 
1 

1 

251 
356 

465 

No. 





12 

|18 

33 
43 

53 
65 

48 
60 
73 
87 

103 
119 
136 

62 
77 
93 

110 

128 
148 
171 
202 

236 
271 
307 

77                 92 

107 
129 

32 

13 

25 
33 
42 

94 
113 
133 

112 

33 

14 

133 

153 

32 

15 

156 

186 

33 

16 

77 

90 

103 

118 

154          188             226 
183         226            268 
218          266             313 
255          308             361 

294          352             411 
335          399            463 

32 

17 

311 

41 

18 

361 
413 

36 

19 

154 

30 

34 
26 
37 
26 

32 
24 
30 
23 

27 
19 
24 
18 

18 
15 
21 
15 

22 
9 

4 

^ 

3 
2 
0 
1 

20 

177 

469 

21 

206 
237 
269 

302 

1       527 

22 

378 

448              518 

588 
652 

719 
788 
861 
936 

1,  013 
1,  094 
1,  177 
1,263 

1.  352 
1,  444 
1,  538 
1,636 

1,735 
1,838 

23 

346 

422 

499             57  6 

729 

802 

879 

958 

1,  041 

1,  126 
1.215 
1,  306 

24 

386 

469 

552             636 

25 

427 
471 
516 

562 
611 
661 
712 

765 
820  [ 

518         608            698 

26 

568 

666            763 

153 
251 

352 

27 

621 

67  5 

726            831 
788             901 

146 

28 

239 
336 

29 

731 
790 

852             973 
919        1,048 

^ 

456 

1 

577  1 

30 

2 
2 
2 
2 

436 

539 

646 
756 
869 
986 

106 
229 
355 
485 

565 
677 

1 

1 

1 

694 
815 

939 

31 

850 

988 

1,  126 

1,401 

32 

912 

1,  059 

1,  206 

1,499 
1,  600 
1,704 
1,  811 

1,  921 

2,  034 
2,  150 

1,792 
1,911 

33 

97  6 

1,  132 

1,288 

2 

067  1 

34   . 

1,  042 
1,  110 

1,  180 

1,208        1,373 
1,285        1,461 

2 

034 

2 

199 

35 

2 

161 

2 

336 

36 

1,  365 

1,  550 
1,  643 

2 

291 

2 
2 
2 
2 

3, 
3, 
3, 
3, 

476 
619 
767 
919 

074 
234 
397 

564 

37 

1,252 
1,326  [ 

1,448   1 

2 
2 

424 
561 

38 

1,532        1,738 

1,  944 

39 

1,619        1,835 

2,  052 

2,  163 
2,277 

2,269 

2 

7  02 

40 

1,  935 

2,  038 
2,  143 
2,250    1 

2,  391 
2,  516 

2 

619 

2 
2 
3, 
3 

847 
995 
146 
302 

41 

t    2 
2 
3 

755 
895 
039 

42 
43 

2,  394 
2,  513 

2,645 
2,776 

Basis: 
No.    trees 

1 

7 

38 

88 

110          139              127 

103 

58 

16 

12 

4 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.009'*8l  D^H  -  26.1(8230  for  D^H  to  20,000. 

V  =  0.013887  D^H  -  1114.596390  for  D^H  larger  than  20,000. 
Standard  error  of  estimate:   ±  22.79  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  5b.  --Volumes  in  board-feet  Scribner  rule,    old-growth  ponderosa  pines 

Arizona  and  New  Mexico 

Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.0  foot 


Diameter 
breast  height 

To 

.al 

he  i  g  h  t 

in    feet 

Basis 

outside  bark 
(Inches)         ] 

40 

50 

60               70 

80 

90 

100              110 

120 

130 

140 

Trees 

■     -     - 

-     -     - 

-    Volume 

in    boa 

rd-fee 

No. 

] 

585 
660 

726 

1,  652 
1,779 

1,  911 

2,  047 

2,  187 
2,  332 
2,481 

2,  634 

2,792 
2,955 

3,  121  1 

12 

31 
43 

49 

65 

82 

100 

119 
139 
161 

68                 87 

87               108 

107                132 

128               157 

151                184 
176               212 
202               246 
229               287 

265               331 
305               377 
346               425 

105 
130 

157 
186 

216 

2  54 
299 
347 

397 
450 
505 
562 

623 
685 
750 
818 

888 

961 

1,036 

1,  114 

1,  194 
1,277 
1,  362 

124 
152 
182 
215 

2  54 
302 
353 
406 

463 
522 
584 
649 

717 
787 
860 
937 

016 
097 
182 
269 

360 
453 
549 
647 

749 
853 
960 

143 

21 

13 

174 

25 

14 

56 

207 

18 

15 
16 

71 
86 

247 
297 

26 
28 

17 
18 

102 
120 
138 

350 
406 

398 
460 

30 
24 

19 
20 

183 
207 

466 
529 

526 

595 

27 

25 

21 

232 

594            667 

739 

J        822 

909 

812 
901 
995 

1,  093 
1,  195 
1,  301 
1,  410 

39 

22 

267 
303 

663 

743 

29 

23 

38  9 

476 

735 

822 

23 

24 

435 
482 
530 
581 

634 

529 
583 
640 
700 

761 

811 

905 

999 

30 

25 

889            991    [ 
970        1,080 
1,  055        1,  174 

1,143         1,270 
1,2  34         1,37  0 
1,328         1,473 
1,425         1,580 

1,525         1,691 
1,628         1,804 
1,735         1,921 
1,845        2,042 

1,  957        2,  166 
2,073        2,294 

2,  192        2,425 
2,315        2,559 

2,440         2,697 

1,  093 

27 

26 
27 

1,  191 
1,292 

1,  397 
1,  506  [ 
1,  619 
1,736 

1,856 

1,  980 

2,  108  [ 
2,  239 

2,  37  5 
2,  514   [ 
2,  657 
2,803 

2,  954 

3,  108 
3,266    1 
3,428 

35 
28 

28 

1,  525 
1,  643 

33 

?9 

688 
745 
803 

825 
890 

20 

30 

1,765 
1,891 

2,  021 
2,  156 

23 

31 

958 

23 

32 

1,  029 

30 

33 

1,  101 

20 

34 

1,  176 

1,  252 

1,  331 
1,412 
1,496 
1,  581 

2,  294 

21 

35 
36 

1,450 
1,  540 

2,437 
2.  584 

15 
22 

37 
38 

1,  633 
1,728 
1,826 

2,734 
2,889 

18 
21 

39 

07  0 

3,  048 

3,  292 

3,468 
3,648 
3,832 

4,  020 

4,213 
4,411 
4,613 
4,819 

12 

40 

1,926 
2,029 

2 

183 

3,211 
3,  378 

8 

41 

2 

299 

2,  568 

2,838 

9 

42 

2 
2 

2 

417 
538 

662 

2,700 

2,983    1 

3,  549 

3 

43 

2,835 
2,97  3 

3,  131 
3,283 

3,724 

6 

44 

3,  593 

3,903 
4,  087 
4,274 
4,465 

1 

45 

2 

789 

3,  114 

3,438 

3,762   1 

2 

46 

2 

919 

3,  258        3,  596    j 

3,935 
4,  112 

2 

47 

3,405         3,758 

1 

Basis : 

No.    trees 

8 

33 

5  3                 94 

120 

126 

123              103 

44 

19 

2 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.011962  D^H  -  4^.1260  for  D^H  to  22,900. 

V  =  0.015666  D^H  -  129.672480  for  D^H  larger  than  22,900. 
Standard  error  of  estimate:   +  16.17  percent. 
Diameter  classes  full-inch;  e.g.  20-lnch  class  includes  20.0  to  20.9- 
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Table  6a. 


-Volumes  in  board-feet  Scribner  Rule,    blackjack  ponderosa  pines 
Arizona  and  New  Mexico 


Board-feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.  0  foot 


Diameter 
breast  height 

1.0 

1.5 

2.0 

Number    of    merchantable     16-foot 

logs 

Basis 

outside  bark    '_ 
(Inches)         ' 

2.5          3.0              3.5 

4.  0 

4.5 

5.  0 

5.  5 

6.0 

6.5 

7.  U 

Tr.cs 

.     .     .     .     .     -     Vr,1i.  mp     in     board-f 

e  e  t     - 

... 

. 

No. 

236 

316 
361 

461 
518 

578 
641 
7  07 

859 

939 
1,  021 

1,  119 

1.  318 
1,42  3 

1,  532 

1,776 

1,  902 

2,  032 

2,  167 
2,  305 
2,448 

12 

43 
49 

55 
62 

61 
70 
79 
89 

100 
111 

78 

90 

103 

116 

131 
146 
162 

96 

111 
126 

114 

32 

13 
14 

131 
150 

152 

174 

33 
32 

15 

143            170 

2  00 

33 

16 
17 

69 
77 

161            193             234 
180            224             270 
205            256             307 
233            290              347 

263           326             389 
295           364            433 
328            404             480 
362           445             528 

27  5 
316 
359 
404 

452 
503 
556 
611 

668 
728 
791 
856 

923 

992 
1,  065 
1,  139 

1,  216 

]     1.295 

1,  377 

1,461 

1,  547 
1,636 

32 

41 

18 

124 
136 

150 
164 
179 
196 

218 

410 
461 

36 

19 

179 

30 

20 

200 
225 
252 

515 

34 

21 
22 

572 
632 
694 

7  58 
826 
896 
969 

1.  045 
1,  123 
1,204 
1,288 

1,  374 
1,463 

1,  555 
1,650 

1,747 
1,847 
1,949 

2,  055 

26 

37 

23 

279 

777 

849 

924 

1,  002 

1,  083 

1,  167 
1,254 
1,  344 
1,437 

1,  533 
1,  632 

1,734 
1.839 

1,  947 

2,  058 
2,  172 

26 

24 

308 

398 

488              578 

32 

25 

338 

436 
47  5 
515 

533             631 

24 

26 
27 

580 
629 

68  5 
742 

1.  107 
1,  196 

1,288 
1,  384 
1,483 
1,  586 

1,  691 
1,800 

1.  912 

2,  028 

2,  147 
2,269 
2,  394 
2,  523 

2,  655 
2,790 
2,929 

3,  07  1 

1,212 
1,  310 

1,410 

30 
23 

28 

557 

679 

801 

27 

29 

601 
646 

731 

785 

862 
925 

1,  515 

1,645 

19 

30 

1,  623 
1,734 

1,  762 

1,  88  3 

2,  008 
2,  137 

24 

31 

692 

841 

990 
1,  0  57 

18 

32 

740           899 

1,850 

18 

33 

790 

958 

1,  127 

1,  969 

2,  091 
2,217 

2,  347 

15 

34 

841 
893 

1,019        1,198 

2,  270 

21 

35 

1,082 

1,272 

2,406 

2,  595 

15 

36 

1,  147 

1,  347 
1,425 
1,  505 

2,  546 

2,746 

2,  902 

3,  061 
3,225 

3,  393 
3,  566 
3,742 
3,923 

22 

37 

1,214 
1,282 

2,  480 
2,  617 

2,  691 
2,839 
2,991 

3,  147 
3,  307 
3,47  1 
3,  639 

9 

38 

J     1,727 
1,821 

1.  917 

2,  015 
2,  116 

1    2,219 

4 

39 

1,  587 

2,  289 

2,757 
2,  901 

4 

40 

2,  163 

2,  409 
2,  532 

3 

41 

1     2,274 

3,  049 
3,200 
3,  355 

2 

42 

43 

2,  387 
2,  503 

2,  658 
2,787 

0 
1 

Basis: 
No.    trees 

21 

43 

77 

93             92             117 

87 

78 

55 

17 

18 

4 

1 

703 

Block  Indicates  extent  of  basic  data. 

Derived  from:   V  =  0.224793  D^H  +  8.I656O  for  D^H  to  800. 

V  =  0. 300081  D^'H  -  52.090112  for  D^H  larger  than  8OO. 
Standard  error  of  estimate:   +  16.46  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 


16  - 


Table  6b.  --Volumes  in  board-feet  Scribner  Rule,    old-growth  ponderosa  pines 
Arizona  and  New  Mexico 


Board-feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.  0  foot 


Diameter 
breast  height 

Number     of    m 

e  r  c  h  a  n 

table 

6  -foot 

logs 

Basis: 

outside  bark    ] 
(Inches)         ' 

1.  0 

1.  5 

2.  0 

2.  5 

3.  0 

3.  5 

4.0 

4.  5 

5.  0 

5.  5 

6.0 

6.5 

7.  0 

Trees 

-     Volume     in    t 

146 

171     1          196 

198              227 

)  o  a  r  d  -  f 

292 

3  37 
387 

No. 

496 

620 

7  60 

842 

929 

1,  019 

1,113 
1,  211 
1,  312 

2,  063 
2,  204 

2,  351 
2,  501 
2,  657 
2,817 

2,  981 

3,  150 
3,  324 

3,  502 

3,685 
3,872 
4,064 

4,  261 

4,462 
4,668 
4,878 
5,093 

12 
13 
14 

38 
45 
53 
61 

70 
79  [ 

60 
70 
82 
94 

108 
122 

81 

95 

111 

127 

145 
164 
184 
205 

103 
121 
140 
161 

183 
206 
231 
257 

285 
314 
350 

124 
146 
169 
194 

220 
248 
278 
309 

349 
390 
433 
478 

525 
574 
625 
678 

7  32 

21 
25 
18 

15 

227 

258 
290 
328 
371 

417 
465 
515 
568 

623 
680 
7  39 
801 

865 

931 

1,  000 

2  60 

26 

16 

294 

28 

17 

337 
384 
434 

486 
541 
5  98 
658 

721 
786 

854 
924 

998 
1,  07  3 
1,  152 
1,  233 

1,  316 
1,  402 
1,491 
1,  583 

1,  677 
1,773 
1,872 
1,  974 

30 

18 

136 
152 

169 
186 

440 
496 

554 
616 
681 
748 

819 

892 

969 

1,  048 

1,  130 
1,  215 
1,  304 
1,  395 

1,  489 
1,  586 

1,  68  5 
1,788 

1,8  94 

2,  003 
2,  114 
2,  229 

2,  346 
2,467 

24 

19 

558 

27 

20 

227 

623 

692 
7  67 
846 

25 

21 
22 

250 
274 

69! 
763 
8  38 

917 

998 

1,  08  3 

1,  171 

1,  263 
1,  357 
1,  455 
1,  557 

1,  661 
1,7  69 
1,880 

1,  994 

2,  HI 
2,  232 
2,  356 
2,  484 

2,  614 
2,748 
2,885 

3,  025 

918 

1,  on 

1,  109 

1,  211 
1,  317 
1,  427 

1,  542 

1,  660 
1,  784 

39 
29 

23 

388 

427 
468 
510 

554 

600 
647 
696 

747 

799 

929 

23 

24 
25 
26 

1,  015 
1,  104 
1,  198 

30 
27 
35 

27 

1,295 

1,  418 
1,  528 

28 

28 

1,  395 
1,499 
1,  607 
1,718 

1,833 

1,  952 

2,  074 
2,  200 

2,  329 
2,462 

2,  598 
2,738 

2,882 

3,  029 
3,  180 
3,  334 

3,492 
3,654 

33 

29 

789 
848 
909 

1,  641 
1,759 

20 

30 

1,  911 

23 

31 

1,  071 

1,880 

2,  006 
2,  135 
2,268 

2,  042 

2,  178 
2,  318 
2,  462 
2,  611 

2,  764 
2,  921 

23 

32 

971 

1,  144 
1,  219 

30 

33 

1,  036 
1,  103 
1,  171 

1,242 
1,  314 

20 

34 

1,  297 
1,  377 

1,459 

21 

35 

2,405 

15 

36 

2,  546 
2,  691 
2,840 

2,  993 

3,  150 
3,  310 
3,475 

22 

37 

1,  544 

18 

38 

1,  631 
1,720 

1,811 
1,  905 

3,  082 

21 

39 

3,  248 
3,  417 

12 

40 

2,  079 

8 

41 

2,  186 

3,  591 
3,769 

3,  952 

4,  139 
4,  330 
4,  525 
4,724 

9 

42 

2,  295 
2,408 

2,  523 
2,640 
2,760 

2,  590 
2,717 

2,  846 

3 

43 

3,  643 

6 

44 

3,  169 
3,  316 

3,815 

3,  992 

4,  172 

4,  356 

1 

45 

2,978 
3,  113 

2 

46 

3,466 

3.819 
3,  988 

2 

47 

3,  251 

3,  620 

1 

Basis : 
No.    trees 

10 

27 

46 

62 

72 

87 

129 

107 

95 

62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.27578i)  D=^H  -  5-091250  for  D^H  to  1,130. 

V  =  0.3261)27  D^H  -  62.962331  for  D^H  larger  than  1,130. 
Standard  error  of  estimate:   +  12.98  percent. 
Diameter  classes  full-Inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  7a.  --Volumes  in  board-feet  International  1/4-inch  Rule,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height   1.  0  foot 


Diameter 
breast  height 

Total 

height    in    feet 

Basis: 

outside  bark 
(Inches) 

30 

40 

50 

60 

70            80 

90               100              110 

120 

130 

140 

Trees 

olume 

in    board-fee 

No 

■     " 

- 

858 

940 
1,  025 

1,  115 

1,  118 

1,  315 
1,42  3 

1,  535 

12 

1    18 

36 
48 
61 
75 

54 

70 

86 

104 

122 
142 
163 

73 

91 

111 

132 

154 
178 
205 
238 

272 
308 

345 

91          109 

128 

32 

13 

27 
37 
47 

112 

135 
160 

134 

155 

33 

14 

1      160 

185 
221 

262 

212 
255 

32 

15 

188 

33 

16 

90 
106 
123 

141 

186         223 
218          262 
254          303 
292          346 

332          392 
374          440 

301 

]       393 

449 
509 

32 

17 

305 

349 

41 

18 

352 

400 

400 

455 

36 

19 

186 

30 

20 

212 

452 
506 
562 

512 

572 

34 

21 

242 
27  3 
306 

340 

1       572 

638 
1       707 

26 

22 

418 

490 

634 

37 

23 

385 

464 

542 

621             700 

779 

26 

24 

426 

512 

597 

683            769            854 
747              840             933 
814            914        1,014 
883             991         1,099 

955        1,  071         1,  187 
1,  030         1,  154         1,  278 

32 

25 

469 
513 
560 

607 
657 
7  08 
7  62 

816 

873  [] 

562          654 

24 

26 

613 

714 

1,  215 
1,  315 

1,419 

30 

27 

667 
723 

775 
839 

1,207 

23 

28 

1,  303 
1,402 

27 

29 

781 
841 

905 
974 

1,  526 

1,651    1 

19 

30 

1,  107         1,  2  39 

1,  372 

1,  505 

1,  611 

1,721 
1,834 
1,950 
2,070 

2,  193 
2,  320 
2.450 
2,  584 

1,  638 
1,  753 

1,770 
1,894 

2,  022 

24 

31- 

903 

1,  045 

1,186         1,328 

1,470 

18 

32 

967 

1,  118 

1,269        1,419 

1,  570 

1,87  1 
1,  994 

18 

33 

1,  033 

1,  193 

1,  353         1,  513         1,  674 
1,441         1,610        1,780 
1,531         1,710        1,890 

1,623         1,813        2,003 

2, 154   1 

15 

34 

1,  101 
1,  171 

1,243 

1,  271 

1,  351 

1,433 

2,  120 

2,290 

21 

35 

2,250 

2,430 

15 

36 

2,  383 

2,  574 
2,721 
2,873 
3,029 

3,  189 
3,  353 
3,  521 
3,  692 

22 

37 

1,  317 
1,  393  1 

1,  517    1 

1,718 

1,  919 

2,  119 

2,  521 
2,662 

9 

38 

1,  604 

1,816 

2,  027 

2,239 

4 

39 

1,  693 

1,  916 

2,  019 
2,  124 

2,  138 

2,  361 

2,806 

4 

40 

2,253 

2,487 

2,721 

2,955 
3,  107 
3,263 
3,422 

3 

41 

2,370        2,615 

2,861 
3,  005 
3,  152 

2 

42 

43 

2,232 
2,  342     [ 

2,490        2,747 
2,612    1    2,882 

0 
1 

Basis : 
No.    trees 

1 

7 

38 

88 

110          139 

127              103                58 

16 

12 

4 

703 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.0117'<t  D^'H  -  37.17260  for  D^H  to  20,000. 

V  =  0.014270  D^H  -  87.99278'*  for  D^'H  larger  than  20,000. 
Standard  error  of  estimate:   +  21.52  percent. 
Diameter  classes  full-inchj  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  7b.  --Volumes  in  board-feet  International  1/4-incH  rule,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stuinp  height  1.  0  foot 


Diameter 
breast  height 

Tot 

al    height     in     fee 

t 

Basis : 

outside  bark 
(Inches) 

40 

50 

60 

70 

80 

90                    100 

110              120 

130 

140 

Trees 

V  n  1  n  T 

-ne     in    board-fee 

No. 

] 

781 

1,729 
1.859 

1,  994 

2,  133 

2,277 
2,425 

2,  578 
2,735 

2,897 
3,063 

3,  234    1 

12 

40 
54 

61 

80 

99 

120 

143 
166 
192 

83 
105 
129 
154 

181 
209 
239 
27  1 

309 
350 
392 

437 

105 
131 
158 
187 

219 
252 
289 
332 

377 
424 
47  3 

525 

579 
635 
694 

754 

817 

127 
156 
187 
221 

2  57 
298 
344 
393 

444 
498 
555 
614 

675 
739 
806 
875 

947 
1,  022 
1,  099 
1,  178 

1,260 
1,  345 
1,432 

149 

171 

21 

13 

182 
217 

255 

298 

207 
246 
290 

342 

25 

14 

70 

18 

15 
16 

87 
104 

26 
28 

17 
18 

124 
144 
165 

347 
399 

396 
454 

445 
509 

30 
24 

19 
20 

218 
246 

454                 515 

512                  579 
572                  646 
636                 717 
702                  791 

772                  868 
844                948 
919           1,031 
997            1,118 

1,078            1,208 
1,  161            1,  301 
1,248            1,397 
1,  337             1,  497 

1,430             1,599 
1,  525             1,  705 
1,623             1,814 
1,724             1,927 

1,828             2,042 
1,  935            2,  161 
2,045            2,283 

576 
647 

637 
714 

27 

25 

21 

276 

721 
798 

795 

J        879 

968 

869 

961 

1,  057 

1.  157 
1.261 
1.  369 
1,  482 

39 

22 

311 
348 

29 

23 

879 

23 

24 

483 
531 
581 
633 

687 
743 
800 
860 

964 
1,052 
1,  144 
1,  239 

1,  060 

30 

25 

1.  157 

27 

26 
27 

1,257 
1,  361 

35 
28 

28 

1,338         1,469 
1,441         1,580 
1,546         1,696 
1,656         1,815 

1,769         1,938 
1,885        2,065 
2,  005        2,  196 
2,129         2,331 

2,256         2,469 
2.386         2,612 
2,520         2,758 
2.658         2,908 

2.799         3.062 

1,  599 

33 

29 

882 
950 

1,720 

20 

30 

1,  845 

1,  974 

2,  108 
2,  245 

23 

31 

1,  019 

23 

32 

1,  091 

30 

33 

1,  165 
1,  241 
1,  320 

1,  401 
1,484 
1,  569 
1,  657 

20 

34 

2,  387 

21 

35 
36 

1,  522 
1,  615 

2,  533 
2.  683 

15 
22 

37 
38 

1,710 
1,807 
1,  907 

2.837 
2,996 

18 
21 

39 

2,  158 

2,408 

3,  159 

3,409 

3.  589 
3,773 

3.  961 

4,  154 

4,  352 
4.  554 
4.761 
4.972 

12 

40 

2,  010 
2,  115 

2,  273 

2,  536 

3,  325 
3,  496 

8 

41 

2,  391 

2,  668 
2,  802 

2,  944 

3.220 
3,  382 
3,  547 

9 

42 

2,  513 
2,  637 

2,764 

3,  092    1 

3.  672 

3 

43 

2,  940 

3,  082 

3,  244 

3,851 

6 

44 

3,  399 

3,717 

4.  034 
4.222 

4,  414 
4.  610 

1 

45 

2,894 

3,  226 

3,  558 

3.890 

2 

46 

3,  027 

3,  373 

3,720 

4,  067 

2 

47 

3,  524 

3,886 

4,248 

1 

Basis : 
No.    trees 

8 

33 

53 

94 

120 

126                  123 

103                44 

19 

2 

725 

Block  Indicates  extent  of  basic  data. 

Derived  from:   V  =  0.0140  D^H  -  18.0  for  D^H  to  21,800. 

V  =  0.016041  D^H  -  95.013379  for  D^H  larger  than  21,800. 
Standard  error  of  estimate:   +  15.70  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  Includes  20.0  to  20.9. 


-  19  - 


Table  8a.  --Volumes  in  board-feet  International  1/4-inch  Rule,  blackjack  ponderosa  pines 

Arizona  and  New  Mexico 
Board-feet  inside  bark  Top  diameter  variable 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.0  foot 


Diameter 
breast  height 

Nunnber     of    merchan 

table     16-foot 

logs 

Basis : 

outside  bark    \ 
(Inches) 

1.  0 

1.  5 

2.0 

2.  5 

3.  0 

3.  5 

4.  0 

4.  5 

5.0 

5.  5 

6.  0 

6.  5 

.  0 

Trees 

-    Volui 

179 
203 

Ti  e     in    b 
273 

o  a  r  d  -  f 

354 
401 

e  e  t     - 

504 
562 

624 
689 
7  57 

913 

994 
1,079 

1,  179 

1,  384 
1,492 

1,604 

1, 
1, 
2 

2, 
2, 

2 

855 
984 
118 

256 
399 
546 

No 

134 

12 

53 
60 
67 
75 

73 

84 

94 

106 

119 
132 

94 
107 
122 
138 

154 
172 
191 

114 
131 
149 
169 

190 
212 
240 
269 

300 
333 
366 
402 

439 

32 

13 
14 

155 
177 
198 

228 
259 
293 
328 

365 
404 

445 
487 

531 
578 
626 
67  6 

33 
32 

15 

235 

270 
307 
346 
387 

430 
47  5 
523 
572 

624 
678 
7  34 
792 

853 

915 

980 

1,  047 

1,  116 

33 

16 
17 

83 
92 

312 

354 
398 
445 

495 
546 
601 
657 

717 
778 
842 
909 

978 
1,  050 
1,  124 
1,200 

1,  279 
1,  361 
1,444 
1,  531 

1,620 
1,711 

32 

41 

18 

146 
161 

177 
193 
210 
232 

254 

451 
504 

36 

19 

211 

30 

20 

235 
261 
288 

559 

34 

21 

618 
679 
743 

809 

879 

951 

1,  026 

1,  103 
1,  184 
1,267 
1,  353 

1,442 
1,  534 
1,628 
1,725 

1,825 

1,  928 

2,  033 
2,  141 

26 
37 

23 

317 

828 

902 

97  9 

1,  059 

1,  142 

1,229 
1,  318 
1,411 
1,  506 

1,  605 
1,7  07 
1,812 
1,919 

2,  030 
2,  145 
2,  262 

26 

24 

346 

32 

25 

377 

477 
518 

559 

602 
647 
693 

741 

791 
841 
894 
948 

24 

26 
27 

1,  167 
1,  259 

1,  354 
1,452 
1,  554 

1,  659 

1,768 
1,880 
1,995 

2,  114 

2,236 
2,  361 
2,490 

2,  62  3 

2,758 
2,897 

3,  040 
3,  186 

1,  276 
1,  376 

1,47  9 

30 
23 

28 

7  2  81 

27 

29 

781 
8  37 

1,  586 

1,721 

19 

30 

1,  697 
1,812 

1,841 

1,  965 

2,  094 
2,  226 

24 

31 

894 

953 
1,  014 

18 

32 

1,  931 

18 

33 

1,  188   1 

2,  053 
2,  179 
2.  308 

2,441 

15 

34 

1,  077 
1,  142 

1.  261 
1.  336 

1,414 
1,494 
1,  576   [ 

2,  362 

21 

35 

2,  502 

2, 

697 

15 

36 

1,209 
1,277 
1,  348 

2,  647 

2, 
3, 
3, 
3 

3, 
3, 
3, 

4, 

8  52 
012 
176 
344 

517 
694 
876 
061 

22 

37 

2,  578 
2,719 

2,795 

2,  948 

3,  104 

3,264 
3.429 
3,  597 
3,769 

9 

38 

1,805 
1,901 

2,  000 
2,  101     1 
2,204 
2.  310    1 

4 

39 

1,  660 

[ 

2,  382 

2,863 
3,  Oil 

4 

40 

2,253 

2,  505 
2,  632 

3 

41 

2,  366 

3,  163 
3,  318 
3,  478 

2 

42 
43 

2,483 
2,  602 

2,761 
2,894 

0 

1 

Basis : 
No,    trees 

21 

43 

77 

93 

92 

117 

87 

78 

55 

17 

18 

4 

1 

703 

Block  Indicates  extent  of  basic  data. 

Derived  from:   V  =  0.260550  D^H  +  12.312250  for  D^H  to  700. 

V  =  0.308405  D^H  -  23.872559  for  D^H  larger  than  700. 
Standard  error  of  estimate:   +  15.26  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  calss  includes  20.0  to  20.9. 
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Table  8b.  --Volumes  in  board-feet  International  1/4-inch  Rule,  old-growth  ponderosa  pines 

Arizona  and  New  Mexico 
Board -feet  inside  bark  Top  diameter  variable 

Merchantable   stem  excluding  stump  and  top  Stump  height  1.  0  feet 


Diameter 
breast  height  | 

Number     of    merchantable 

6-foot    logs 

Basis : 

outside  bark    \ 
(Inches)         ] 

1.0 

1.  5 

2.0 

2.  5 

3.  0 

3.5              4.0 

4.  5 

5.0              5.5 

6.0 

6.5 

7.  0 

Trees 

-     Volume     in    h 

card-] 

345 

391 
1        435 

No. 

813 

8  97 

98  5 

1,  078 

1,  174 
1,274 
1.  379 

2,  147 
2,  292 

2,442 

2,  596 
2,755 
2,919 

3,  088 
3,261 
3,439 
3,621 

3,809 

4,  001 
4,  197 
4,  398 

4,  604 
4,815 

5,  030 
5,  250 

12 

48 
56 
65 
75 

85 
96 

73 

86 

99 

113 

129 
145 

98 
115 
133 
152 

173 
194 
217 

242 

123 
144 
166 
191 

216 
243 
272 
303 

335 
369 
404 

148 
173 
200 
229 

260 
293 
327 
364 

402 
438 
478 
524 

572 
622 
674 
728 

785 

1         173 

]        232 
268 

21 

13 

203 

25 

14 

1        2  34 

18 

15 

268 

306 

26 

16 

304 

347 

28 

17 

342 

391 

30 

18 

163 
181 

200 
220 

382             432 
419             478 

462              532 
511              588 
562             647 
616             7  08 

672             773 
731              839 
792            909 
8  55             981 

920         1,056 
988         1,  134 

48  5 
542 

602 
665 
7  32 
801 

873 

948 

1,  026 

1,  108 

1,  192- 
1,  279 
1,  369 
1,463 

1,  559 
1,  658 
1,761 
1,866 

1,  974 

2,  086 
2,  200 
2,  317 

2,  438 
2,  561 

1        542 

24 

19 

606 

669 

27 

20 

268 
294 
323 

1        672 

743 

25 

21 
22 

743 
816 

820 
901 

97  4 
1,  07  0 
1,  170 

1,  274 
1,  383 
1,496 
1,  613 

1,  735 
1,  861 

39 
29 

23 

438 

47  2 
513 
5  57 
602 

649 
697 
747 
799 

853 

893 

985 

23 

24 

25 
26 

97  3 
1,  057 
1,  144 
1,2  34 

1,  328 

1,  074 
1,  166 
1,  261 

30 
27 
35 

27 

1,  361 

1,  487 
1,  599 

28 

28 

1,463 

33 

29 

843 
903 
965 

1,425         1,570 
1,525         1,680 
1,629        1,794 

1,736         1,912 
1,846        2,034 

1,  960        2,  159 
2,077         2,287 

2,  197         2,  420 
2,  321         2,  556 
2,448        2,696 
2,578        2,839 

2,712         2,986 
2,849         3,  137 
2,989         3,291 

1,  716 
1,836 

20 

30 

1,  058 

1,  214 

1,  991 

23 

31 

1,  131 

1,  2  97 

1,  960 

2,  089 
2,  221 
2,  358 

2,  126 

2,  265 
2,409 

2,  557 
2,709 

2,865 

3,  026 

23 

32 
33 

1,  029 
1,  096 

1,  164 
1,  234 

1,  306 
1,  380 

1,206 
1,283 

1,  382 
1,471 

30 
20 

34 

1,  363 
1,  445 

1,  529 

1,  562 

1,  655 

1,752 

21 

35 

2,  498 

15 

36 

2,  642 
2,791 

2,  943 

3,  100 

3,260 
3,  425 
3,593 

22 

37 

1,  615 

1,851 

18 

38 

1,7  04 
1,796 

1,  952 

2,  056 

3,  191 

21 

39 

3,  361 
3,  534 

12 

40 

1,  889 
1,985 

2,  163 

8 

41 

2,273 

3,713 
3,895 
4,  082 

4,  27  3 
4,  469 
4,  669 
4,  87  3 

9 

42 

2,  385 

2,  687 
2,817 

2,949 

3 

43 

2,  500 

2,  618 
2,739 
2,862 

3,  133 

3,449 

3,766 

6 

44 

3,280 
3,  431 

3,  611 
3,777 

3,  942 

4,  123 
4,  307 
4,496 

1 

45 

3,  085 
3,  223 

2 

46 

3,  584 

3,  946 

2 

47 

3,  364 

3,742 

4,  119 

1 

Basis  : 
No.    trees 

10 

27 

46 

62 

72 

87               129 

107 

95                62 

22 

6 

0 

725 

Block  indicates  extent  of  basic  data. 

Derived  from:   V  =  0.320812  D^H  -  2.126875  for  D^H  to  1,386. 

V  =  0.33'J337  D^H  -  30.126317  for  D^'H  larger  than  1,386. 
Standard  error  of  estimate:  +  12. 45  percent. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 


-  21 


Table  9a.  --Scaling  diameters  of  16.  5-foot  logs  of  the  average  tree  in  each  i 

blackjack  ponderoaa  pine 


rchantable  height  and  diameter  clas 


Marchaat- 

ahl«  height 

log. 


X>l«jnet«r 
breast 

height 


Position    of    log    In    the    tree 


1.0       1.5       2.0       Z.5       3.0       J.5       4.0       4.5       5.0       5.5       6.0 


Merchant- 
able height 
logs 


Diametei 
breast 
height 


Position    of    log    in    the    tree 


1.0       1.5      2.0      2.5       3.0       3.5      4.0      4.5       5.0       5.5      6.0 


Diameter  inside  bark  in  inches 


Diameter  inside  bark  in  inches 


12.5 

9 

13.5 

9 

14.5 

10 

15.5 

10 

12.5 

9     8 

13.5 

10     9 

14.5 

10     9 

IS.5 

11     9 

16.  S 

11    10 

17.5 

12    10 

12.5 

9 

13.  5 

10 

14.5 

U 

15.5 

11 

16.5 

12 

17.5 

13 

18.5 

13 

19.5 

14 

20.5 

15 

21. S 

15 

22.5 

16 

23.5 

17 

24.5 

17 

12.5 

10 

13.5 

U 

14.5 

11 

IS.  5 

12 

16.5 

13 

17.5 

13 

IS.  5 

14 

19.5 

15 

20.5 

15 

21.5 

16 

22.5 

17 

23.5 

17 

24.5 

18 

13.5 

11 

14.5 

12 

15.5 

13 

16.5 

13 

17.5 

14 

IS.  5 

15 

19.5 

15 

20.5 

16 

21.5 

17 

22.5 

17 

23.5 

18 

24.5 

19 

25.5 

19 

26.5 

20 

27.5 

21 

2S.5 

22 

29.5 

22 

30.  5 

23 

31.5 

24 

32.5 

24 

33.5 

25 

34.5 

26 

35.5 

26 

15.5 

13 

16.5 

14 

17.5 

15 

18.5 

15 

19.5 

16 

20.5 

17 

21.5 

17 

22.5 

18 

23.5 

19 

24.5 

19 

25.5 

20 

26.5 

21 

27.5 

21 

28.5 

22 

29.5 

23 

30.5 

23 

31.5 

24 

32.5 

25 

33.5 

26 

34.5 

26 

35.5 

27 

36.5 

28 

37.5 

28 

38.5 

29 

12 

12 

12 

13 

8 

8 

9 

8 

9 

8 

10 

8 

10 

9 

11 

9 

11 

10 

12 

10 

12 

0 

13 

11 

13 

11 

14 

12 

14 

12 

18 
19 
19 
20 
21 
21 
22 

11 
12 
12 
13 
13 
14 
15 


25 
25 


11 
u 

12 

12 

13 

13 

14 

14 

14 

15 

15 

16 

9 

8 

9 

8 

10 

10 

10 

15 

18 

15 

18 

IS 

16.5 

14 

17.5 

15 

18.5 

16 

19.5 

16 

20.5 

17 

21.5 

IS 

22.5 

19 

23.5 

19 

24.5 

20 

25.5 

21 

26.5 

21 

27.  5 

22 

28.5 

23 

29.5 

23 

30.5 

24 

31.5 

25 

32.5 

26 

33.5 

26 

34.5 

27 

35.5 

27 

36.5 

28 

37.5 

29 

38.5 

30 

18.5 

16 

19.5 

17 

20.5 

18 

21.5 

IS 

22.5 

19 

23.5 

20 

24.5 

20 

25.5 

21 

26.5 

22 

27.5 

22 

28.  5 

23 

29.5 

24 

30.5 

25 

31.5 

25 

32.5 

26 

33.5 

27 

34.5 

27 

35.5 

28 

36.5 

29 

37.  5 

29 

38.  5 

30 

23.5 

20 

24.5 

21 

25.5 

21 

26.5 

22 

27.5 

23 

28.  5 

24 

29.5 

24 

30.5 

25 

31.5 

26 

32.5 

27 

33.5 

27 

34.5 

28 

35.5 

29 

36.5 

30 

37.5 

30 

38.  5 

31 

26.5 

22 

27.5 

23 

28.  5 

24 

29.5 

25 

30.5 

26 

31.5 

26 

32.5 

27 

33.5 

28 

34.5 

29 

35.5 

30 

36.5 

30 

37.5 

31 

38.5 

32 

26.5 

23 

27.5 

23 

28.5 

24 

29.5 

25 

30.5 

26 

31.5 

27 

32.5 

28 

33.5 

28 

34.5 

29 

35.5 

30 

36.5 

31 

37.5 

32 

38.5 

33 

24 
24 
25 
26 
26 

15 
15 
16 
16 
17 
18 
IS 
19 
20 
20 
21 
21 
22 
23 
23 
24 
25 
25 
26 
26 


IS 
19 
20 
20 
21 
22 
22 
23 
24 
25 
25 
26 
27 
27 


23 
24 


28 
28 
29 


25 
25 
26 
27 
28 
28 
29 
30 


12 
13 
13 
14 
14 
15 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 


14 
15 
15 
16 
16 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 


17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 


19 
20 


23 
23 
24 
25 
25 
26 
27 

21 
21 
22 
22 
23 
24 
24 
25 
26 
26 
27 
27 
28 


19 
19 
20 
20 
21 
21 
22 
22 
22 

19 
19 
20 
20 
21 


13 

10 

13 

11 

13 

11 

14 

11 

13 

13 

12 

10 

13 

10 

13 

10 

13 

11 

14 

11 

14 

11 

15 

12 

15 

12 

15 

12 

16 

13 

16 

13 

16 

14 

15 
15 
16 
16 
17 
17 
17 
18 
18 
19 
19 
20 


22   - 


Table  9b.  --Scaling  diameters  of  l6.  5-foot  logs  of  the  average  tree  in  each  i 

old -growth  ponderosa  pine 


lerchantable  height  and  diameter  class. 


Merchant- 
able height 
logs 


'  Diametei 
breast 
height 


1.5       2.0       2.5       3.0       3.5       4.0       4.5       5.0       5.5       6.0 


Merchant- 
able height 
logs 


Diametei 
breast 
height 


Position    of    log    in    the    tree 


1.5       2.0       2.5       3.0       3.  5       4.0       4.  5       5.0       5.  5       6.0 


12.5 

9 

13.5 

9 

14.5 

10 

15,  5 

11 

16.5 

U 

12.5 

10 

8 

13.5 

10 

8 

14.5 

11 

9 

15.5 

12 

9 

16.5 

13 

9 

17.  5 

13 

10 

18.  5 

14 

10 

19.  5 

15 

U 

20.5 

16 

U 

21.  5 

16 

12 

12.  5 

10 

8 

13.5 

11 

9 

21.5 
22.5 


14.5 

12 

15.5 

13 

16.  5 

13 

17.5 

14 

18.5 

15 

19.5 

16 

20.5 

17 

21.5 

17 

22.  5 

18 

2  3.  5 

19 

24.  5 

20 

25.5 

21 

26.5 

21 

27.  5 

22 

28.  5 

23 

23.5 

19 

17 

13 

10 

24.5 

20 

17 

13 

25.5 

21 

18 

13 

26.5 

22 

19 

14 

27.5 

23 

19 

15 

28.5 

23 

20 

15 

29.5 

24 

21 

16 

30.5 

25 

22 

16 

31.5 

26 

22 

17 

32.5 

27 

23 

18 

33.5 

27 

24 

18 

34.5 

28 

25 

19 

14 

35.5 

29 

25 

19 

14 

36.5 

30 

26 

20 

14 

37.5 

31 

27 

21 

15 

15.5 

13 

12 

11 

8 

16.  5 

14 

13 

11 

9 

17.5 

15 

13 

12 

9 

18.5 

16 

14 

12 

9 

19.5 

16 

15 

12 

9 

20.5 

17 

15 

13 

9 

21.5 

18 

16 

13 

9 

22.5 

19 

17 

14 

10 

23.5 

20 

17 

14 

10 

24.5 

20 

18 

15 

10 

25.5 

21 

19 

15 

11 

26.5 

22 

19 

16 

U 

27.5 

23 

20 

16 

11 

33.5 

28 

25 

20 

34.5 

29 

25 

21 

35.  5 

29 

26 

21 

36.5 

30 

27 

22 

37.  5 

31 

28 

23 

38.  5 

32 

29 

23 

39.  5 

33 

29 

24 

40.  5 

33 

30 

25 

41.  5 

34 

31 

25 

18.5 

16 

14 

13 

9 

19.5 

17 

15 

13 

9 

20.  5 

17 

16 

14 

9 

21.  5 

18 

16 

14 

9 

22.5 

19 

17 

15 

10 

23.5 

20 

18 

15 

10 

24.  5 

20 

19 

16 

10 

25.5 

21 

19 

17 

10 

26.  5 

22 

20 

17 

27.  5 

23 

21 

18 

28.5 

24 

22 

18 

29.  5 

25 

22 

19 

30.  5 

25 

23 

20 

31.  5 

26 

24 

20 

32.  5 

27 

25 

21 

33.  5 

28 

25 

21 

34.  5 

29 

26 

22 

35.  5 

30 

27 

23 

36.  5 

31 

28 

23 

37.5 

32 

28 

24 

38.5 

33 

29 

25 

18 

39.5 

34 

30 

25 

18 

40.  5 

34 

31 

26 

18 

41.5 

35 

32 

27 

19 

19.5 

17 

16 

14 

12 

9 

20.  5 

18 

16 

15 

12 

10 

21.  5 

18 

17 

15 

13 

10 

22.  5 

19 

18 

16 

13 

10 

27.5 

23 

28.5 

24 

29.5 

25 

30.  5 

-26 

31.  5 

27 

32.  5 

28 

33.  5 

28 

34.  5 

29 

35.5 

30 

36.5 

31 

40.  5 

35 

41.  5 

36 

20,  5 

18 

21,  5 

18 

22.  5 

19 

23.  5 

20 

24.  5 

21 

25.  5 

22 

26.  5 

23 

27.  5 

23 

28.5 

24 

29.5 

25 

30.5 

26 

31.5 

27 

25 

20 

13 

26 

21 

14 

26 

21 

14 

27 

22 

14 

28 

22 

14 

7 

14 

7 

15 

8 

15 

8 

16 

9 

16 

25 
26 
27 


34.5 

30 

27 

24 

20 

16 

35.5 

30 

28 

25 

21 

16 

36.  5 

31 

29 

26 

22 

16 

37.5 

32 

29 

26 

22 

17 

38.5 

33 

30 

27 

23 

17 

39.5 

34 

31 

28 

23 

17 

40.  5 

36 

32 

28 

24 

18 

41.5 

37 

33 

29 

25 

18 

27.  5 

23 

22 

21 

18 

15 

10 

28,  5 

24 

23 

21 

19 

15 

10 

29,5 

25 

24 

22 

19 

15 

30,5 

26 

25 

23 

20 

16 

31.  5 

27 

25 

23 

20 

16 

32.  5 

28 

26 

24 

21 

17 

33.  5 

29 

27 

25 

22 

17 

34.  5 

30 

28 

25 

22 

18 

35.  5 

31 

28 

26 

23 

18 

36.5 

32 

29 

27 

24 

18 

37.5 

33 

30 

27 

24 

19 

38.5 

34 

31 

28 

25 

19 

39.5 

35 

32 

29 

26 

20 

40.5 

36 

32 

29 

26 

20 

41.5 

37 

33 

30 

27 

20 

-  23 


Table   10.  --Percentage  of  total  board-foot  volume  in  each  log  of  a  tree, 
ponderosa  pine 


D.b.h.    (inches) 
and 

Pos 

ition    of    log    in    the    tree 

tree  height 
(logs) 

1.0 

1.5 

2.0 

2.5 

3.0          3.5          4.0          4.5 

5.0 

5.  5 

6.0 

6.5 

.   .  .   - 

_  _  -  - 

_   _   _ 

-  Percent  of  total  tree  volume   - 

-   .  . 

-   .   -   - 

-   .  .  - 

-   - 

Trees  12  inches  d.  b.  h.  ; 


1.0 

100 

1.5 

73 

27 

2.0 

59 

-- 

41 

2.5 

50 

-- 

36 

3.0 

41 

-- 

34 

3.5 

33 

-- 

31 

•rees  20 

inches  d. 

b.h.: 

22 

1.5 

78 

2.0 

68 

-- 

32 

2.5 

58 

-- 

32 

3.0 

49 

-- 

33 

3.  5 

41 

-- 

33 

4.0 

37 

-- 

32 

4.  5 

32 

-- 

30 

5.0 

28 

-- 

27 

5.5 

25 

-- 

25 

6.0 

24 

-- 

22 

Trees  30 

inches  d 

b.h.: 

2.5 

65 

28 

3.0 

57 

-- 

32 

3.  5 

49 

-- 

32 

4.0 

44 

-- 

31 

4.  5 

39 

-- 

29 

5.0 

34 

-- 

28 

5.5 

30 

-- 

26 

6.0 

26 

-- 

25 

6.5 

24 

-- 

23 

Trees  40 

inches  d 

b.h.: 

4.0 

51 

30 

4.5 

46 

-- 

28 

5.0 

42 

-- 

27 

5.  5 

37 

-- 

27 

6.0 

33 

-- 

26 

6.5 

30 

-- 

24 

14 


10 


25 
23 


18 
19 
20 
21 
22 
22 
22 


11 
15 
17 
19 
21 
21 
22 
22 


13 
16 
18 
19 
20 
20 


13 


11 
13 

15 
16 
17 


10 
13 
14 
15 
15 


10 
11 
12 
12 


10 
12 


4 

7 

9 

11 


Table  1 1 .  -  -Volumes  of  top  wood  between  the  upper  limit  of  saw-log  utilization  and  4.  0  inches  d.  i.  b. 
as  percentages  of  merchantable  cubic-foot  volume  to  4.0-inch  top,    southwestern  ponderosa  pine 


Diameter  breast 
height  class' 

A 

ge 

c 

lass 

Diameter 
height  c 

breast 

Age 

c 

la 

s  s 

(inches) 

Bl 

ackjack 

s 

Old  growth 

'           (inches) 

Blackj 

acks 

Old  growth 

Percent 

Percent 

12.0 

35.5 

28.  3 

28.0 

4.0 

3.  3 

14.0 

21.8 

19.1 

30.0 

3.7 

3.  1 

16.0 

14.2 

13.  3 

32.0 

3.2 

2.9 

18.0 

9.4 

8.9 

34.0 

2.8 

2.7 

20.0 

7.2 

6.2 

36.0 

2.4 

2.  5 

22.0 

5.9 

5.  1 

38.0 

2.0 

2.  3 

24.0 

5.0 

4.2 

40.0 

1.6 

2.  1 

26.0 

4.5 

3.7 

42.0 

1.2 

2.  0 

T'ull-inch  diameter  classes  by  2-inch  intervals,    e.  g.  ,   20.  0-inch  class  includes   19.  0  to  20.  9. 


24 
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Point-Sampling    Factors   For  Southwestern   Ponderosa   Pin 


by 
Clifford  A.  Myers 


Volumes  are  computed  from  point-sample 
measurements  of  basal  area  by  use  of  volume/ 
basal  area  or  point- sampling  factors.  Each 
factor  is  the  number  of  cubic  feet  or  board 
feet  equivalent  to  1  square  foot  of  basal  area. 
The  factors  presented  here  apply  to  ponder- 
osa pine  stands  throughout  Arizona  and  New 
Mexico.  Volumes  can  be  determined  in  mer- 
chantable cubic  feet,  board-feet  International 
1/4-inch    rule,  and  board  feet  Scribner  rule. 

The  techniques  of  point  sampling  have 
been  described  in  numerous  publications.  A 
good  discussion  of  the  method  was  presented 
by  Bonnett  (1959).  A  simple  procedure  for 
determination  of  the  number  of  sampling 
points  (Allen  and  Mogren,  1960)  and  precau- 
tions on  the  use  of  point- sampling  on  small 
tracts  (Afanasiev,  1958)  have  been  published. 
Basic  American  references  were  prepared  by 
Grosenbaugh  (1952,  1955).  Point- sampling 
techniques  will  not,  therefore,  be  described 
here;  this  paper  is  limited  to  descriptions  of 
the  accompanying  tables  and  instructions  for 
their  use. 


DESCRIPTION  OF  TABLES 

The  first  group  of  tables  (la  to  5b)  give 
point-sampling  factors  for  each  of  numerous 
combinations  of  tree  diameter  and  height. 
Volumes  per  square  foot  were  obtained  from 
the  equations  in  the  table  footnotes.  These 
equations  resulted  from  the  division  of  volume 


equations 
1963)  by 
area  (B). 


of    the    form    V=  a+bD^H    (Myers, 
0. 0054540^  ,    a    formula    for    basal 


Tables  6a  and  6b  were  derived  from  tables 
of  the  first  group.  The  factor  for  each  height 
class  is  the  weighted  average  of  the  factors 
in  that  class  given  in  the  appropriate  table  of 
the  first  group.  Weights  were  obtained  from 
random  samples  of  heights  within  diameter 
classes  in  all  areas  of  commercial  ponderosa 
pine  in  Arizona  and  New  Mexico. 

Unit  of  measure,  stump  height,  and  top 
diameter  inside  bark  are  given  in  the  head- 
ings of  tables  la  to  5b.  Utilization  of  sawtim- 
ber  was  limited  by  variable  top  diameters 
inside  bark,  as  follows: 


Tree  dbh 
(inches) 

12-13 
14-21 
22-26 
27-31 
32-35 
36-39 
40-42 
43-45 
46-47 


Minimum  top 

sawlog  diameter 

(inches) 

8 

9 

10 

11 

12 

13 

14 

15 

16 


These  top  diameters  represent  average  full 
sawlog  utilization  of  southwestern  ponderosa 
pine. 


-  1 


.:aai 


Separate  sets  of  factors  are  giver,  for 
blackjack  and  old-growth  ponderosa  pines  be- 
cause their  volume  equations  differ.  Blackjack 
pines  are  immature  or  young  mature  trees 
with  dark  bark  and  relatively  rapid  taper. 
Old- growth  pines  have  yellowish  bark,  often 
in  broad  flat  plates,  and  less  taper  than 
blackjacks. 


USE  OF  TABLES 


ter  when  tree  heights  are  measured  in  logs 
(tables  4a  to  5b).  Therefore,  the  increased 
time  spent  in  the  measurement  of  diameters 
may  not  result  in  any  material  increase  in 
accuracy.  Time  can  often  be  saved  by  the 
adoption  of  an  alternative  procedure.  Heights 
of  the  counted  trees  can  be  measured  while 
diameters  are  estimated  and  tallied  by  broad 
diameter  classes.  Or,  heights  can  be  meas- 
ured and  no  record  made  of  diameters. 


Point- sample  cruising  for  volume  can  be 
done  in  several  ways.  Diameters  and  heights 
of  trees  counted  through  the  prism  or  rela- 
scope  may  be  measured.  Diameters  may  be 
estimated  and  heights  measured.  Heights  of 
the  counted  trees  may  be  measured  and  no 
record  made  of  tree  diameters.  The  proce- 
dure selected  will  depend  on  the  accuracy  de- 
sired and  the  time  and  personnel  available  for 
the  job.  Point- sampling  factors  are  provided 
for  each  alternative. 


Measurement  of  Diameter  and  Height 

The  diameter  and  height  of  each  counted 
tree  may  be  measured  and  a  volume  conver- 
sion factor  selected  for  each  combination  of 
diameter  and  height  (tables  la  to  5b).  Volume 
per  acre  is  computed  as  follows: 

1.  Multiply  the  number  of  counted  trees  in 
each  diameter-height  class  by  the  point- 
sampling  factor  for  the  class. 

2.  Total  the  products  of  step  one. 

3.  Multiply  this  total  by  the  basal  area  factor 
of  the  prism  or  other  angle^gauge  used. 

4.  Divide  the  product  of  step  three  by  the 
number  of  points  sampled  on  the  tract. 


Measurement  Of  Height  Only 

Measurement  of  heights  only  is  recom- 
mended when  volumes  are  to  be  determined 
in:  (1)  merchantable  cubic  feet  or  (2)  in  board 
feet  if  tree  heights  are  measured  in  logs  and 
stand  structures  are  not  highly  irregular. 

Point- sampling  factors  in  tables  6a  and  6b 
will  be  most  useful  where  the  distributions  of 
diameters  within  height  classes  approximate 
those  used  in  preparation  of  the  tables.  Dif- 
ferences in  the  relationship  between  height 
and  diameter  due  to  differences  in  site  quality 
or  stand  density  will  change  the  factor  for 
each  height  class.  The  changes  will  be  small 
except  for  board  feet  with  tree  heights 
measured  in  feet. 

If  factors  based  on  local  conditions  are 
desired,  they  may  be  obtained  from  tables  la 
to  5b  by  almost  the  same  procedure  used  to 
derive  a  local  volume  table  from  a  standard 
table  (Chapman  and  Meyer,  1949).  The  only 
difference  is  that  diameters  are  plotted  over 
heights  instead  of  heights  over  diameters. 
This  is  because  height  will  be  retained  as  the 
measured  variable. 


Inspection  of  the  tables  shows  that  volume 
per  square  foot  often  does  not  differ  greatly 
among  trees  of  a  single  height  class.  For 
example,  the  volumes  of  blackjacks  80  feet 
tall  vary  from  27.3  to  29.9  cubic  feet  per 
square  foot  of  basal  area  as  diameter  in- 
creases from  11  to  39  inches  (table  la).  Board 
feet  per  square  foot  changes  little  withdiame- 


Volumes  are  computed  with  the  factors  of 
tables  6a  and  6b  in  the  same  way  as  when 
diameters  are  measured.  The  calculations 
will  involve  a  maximum  of  12  or  13  products 
of  number  of  trees  times  factor  for  any  one 
volume  unit,  instead  of  the  many  products 
computed  when  factors  are  selected  for  each 
combination  of  diameter  and  height. 
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Table  la. --Merchantable  volume  in  cubic  feet  per  square  foot  of  basal  area,  blackjack  ponderosa  pine 

Arizona  and  New  Mexico 


Cubic  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  4.0  inches  inside  bark 
Stump  height  1.0  foot 


Diameter 
breast  height 

Total  height  in 

feet 

outside  bark 
(Inches) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

-  -  Cu 

bic  feet 

5 

3 

2 

8 

5 

11 

7 

15.0 

6 

5 

6 

8 

8 

12 

1 

15.3 

18.6 

7 

5 

8 

9 

1 

12 

3 

15.6 

18.8 

8 

6 

0 

9 

2 

12 

5 

15.7 

19.0 

22.2 

9 

6 

1 

9 

3 

12 

6 

15.8 

19.1 

22.3 

10 

6 

1 

9 

4 

12 

6 

15,9  j" 

'19'.  2' 

'  23".o" 

11 

6 

2 

9 

.5 

12 

7  r 

16.0 

19.8 

23.5 

27.3 

12 

6 

2 

9 
9 

5 

.5  ; 

12 

7  ; 

16.4 
16.8 

20.2 

20.5 

24.0 
24.3 

27.7 
28.1 

31.5 
31.9 

13 

13 

0 

14 

9 

.6  J 

13 

3 

17.1 

20.8 

24.6 

28.4 

32.1 

35.9 

15 

"  9" 

.7 

13 

5 

17.3 

21.0 

24.8 

28.6 

32.4 

36.1 

16 

13 

7 

17.5 

21.2 

25.0 

28.8 

32.5 

36.3 

17 

13 

8 

17.6 

21.4 

25.2 

28.9 

32.7 

36.5 

40.2 

18 

14 

0 

17.7 

21.5 

25.3 

29.1 

32.8 

36.6 

40.4 

19 

14 

1 

17.9 

21.6 

25.4 

29.2 

32.9 

36.7 

40.5 

20 

14 

2 

17.9 

21.7 

25.5 

29.3 

33.0 

36.8 

40.6 

21 

18.0 

21.8 

25.6 

29.3 

33.1 

36.9 

40.6 

22 

18.1 

21.9 

25.6 

29.4 

33.2 

37.0 

40.7 

23 

18.2 

21.9 

25.7 

29.5 

33.2 

37.0 

40.8 

44.6 

24 

18.2 

22.0 

25.8 

29.5 

33.3 

37.1 

40.8 

44.6 

25 

22.0 

25.8 

29.6 

33.3 

37.1 

40.9 

44.7 

48.4 

26 

22.1 

25.8 

29.6 

33.4 

37.2 

40.9 

44.7 

48.5 

52.2 

27 

22.1 

25.9 

29.7 

33.4 

37.2 

41.0 

44.7 

48.5 

52.3 

28 

22.2 

25.9 

29.7 

33.5 

37.2 

41.0 

44.8 

48.5 

52.3 

29 

22.2 

26.0 

29.7 

33.5 

37.3 

41.0 

44.8 

48.6 

52.3 

30 

22.2 

26.0 

29.8 

33.5 

37.3 

41.1 

44.8 

48.6 

52.4 

31 

22.2 

26.0 

29.8 

33.5 

37.3 

41.1 

44.9 

48.6 

52.4 

32 

22.3 

26.0 

29.8 

33.6 

37.3 

41.1 

44.9 

48.6 

52.4 

33 

22.3 

26.1 

29.8 

33,6 

37.4 

41.1 

44.9 

48.7 

52.4 

34 

26.1 

29.8 

33.6 

37.4 

41.1 

44.9 

48.7 

52.5 

35 

26.1 

29.9 

33.6 

37.4 

41.2 

44.9 

48.7 

52.5 

36 

26.1 

29.9 

33.6 

37.4 

41.2 

45.0 

48.7 

52.5 

37 

26.1 

29.9 

33.7 

37.4 

41.2 

45.0 

48.7 

52.5 

38 

26.1 

29.9 

33.7 

37.4 

41.2 

45.0 

48.8 

52.5 

39 

29.9 

33.7 

37.5 

41.2 

45.0 

48.8 

52.5 

40 

33.7 

37.5 

41.2 

45.0 

48.8 

52.5 

41 

33.7 

37.5 

41.2 

45.0 

48.8 

52.6 

42 

33.7 

37.5 

41.3 

45.0 

48.8 

52.6 

43 

33.7 

37.5 

41.3 

45.0 

48.8 

52.6 

Derived   from:      V/B   =  0.32453   H  -    37.6788/D^,    above   dotted    line. 

V/B  =  0.37697  H   -    377.9752/D^,   below  dotted    line. 
Diameter  classes   full-inch;   e.g.    20-inch  class   includes   20.0   to   20.9. 


Table  lb .--Merchantable  volume  in  cubic  feet  per  square  foot  of  basal  area,  old-growth  ponderosa  pine 

Arizona  and  New  Mexico 


Cubic  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  4.0  inches  inside  bark 
Stump  height  1 .0  foot 


Diameter 
breast  height 

Total 

height  in 

feet 

outside  bark 

AG 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

(Inches) 

Cubic  feet 
35.5 

12 

14 

8 

19 

0 

23.1 

27.3 

31.4 

39.7 

13 

15 

1 

19 

2 

23.4 

27.5 

31.6 

35.8 

39.9 

14 

15 

3 

19 

4 

23.6 

27.7 

31.8 

36.0 

40.1 

15 

15 

4 

19 

6 

23.7 

27.8 

32.0 

36.1 

40.2 

16 

15 

6 

19 

7 

23.8 

28.0 

32.1 

36.2 

40.4 

17 

15 

7 

19 

8 

23.9 

28.1 

32.2 

36.3 

40.5 

44.6 

18 

15 

8 

19 

9 

24.0 

28.2 

32.3 

36.4 

40.6 

44.7 

19 

15 

8 

20 

0 

24.1 

28.2 

32.4 

36.5 

40.7 

44.8 

48.9 

20 

20 

0 

24.2 

28.3 

32.4 

36.6 

40.7 

44.9 

49.0 

21 

20 

1 

24.2 

28.4 

32.5 

36.6 

40.8 

44.9 

49.0 

53.2 

22 

20 

2 

24.3 

28.4 

32.6 

36.7 

40.8 

45.0 

49.1 

53.2 

23 

20 

2 

24.3 

28.5 

32.6 

36.7 

40.9 

45.0 

49.1 

53.3 

24 

24.4 

28.5 

32.6 

36.8 

40.9 

45.0 

49.2 

53.3 

25 

24.4 

28.5 

32.7 

36.8 

40.9 

45.1 

49.2 

53.3 

26 

24.4 

28.6 

32.7 

36.8 

41.0 

45.1 

49.2 

53.4 

27 

24.5 

28.6 

32.7 

36.9 

41.0 

45.1 

49.3 

53.4 

28 

24.5 

28.6 

32.8 

36.9 

41.0 

45.2 

49.3 

53.4 

57.6 

29 

24.5 

28.6 

32.8 

36.9 

41.0 

45.2 

49.3 

53.4 

57.6 

30 

24.5 

28.7 

32.8 

36.9 

41.1 

45.2 

49.3 

53.5 

57.6 

31 

24.5 

28.7 

32.8 

36.9 

41.1 

45,2 

49.3 

53.5 

57.6 

32 

28.7 

32.8 

37.0 

41.1 

45.2 

49.4 

53.5 

57.6 

33 

28.7 

32.8 

37.0 

41.1 

45.2 

49.4 

53.5 

57.6 

34 

28.7 

32.9 

37.0 

41.1 

45.3 

49.4 

53.5 

57.7 

35 

28.7 

32.9 

37.0 

41.1 

45.3 

49.4 

53.5 

57.7 

36 

28.7 

32.9 

37.0 

41.1 

45.3 

49.4 

53.6 

57.7 

37 

28.8 

32.9 

37.0 

41.2 

45.3 

49.4 

53.6 

57.7 

38 

28.8 

32.9 

37.0 

41.2 

45.3 

49.4 

53.6 

57.7 

39 

28.8 

32.9 

37.0 

41.2 

45.3 

49.4 

53.6 

57.7 

40 

32.9 

37.1 

41.2 

45.3 

49.5 

53.6 

57.7 

41 

32.9 

37.1 

41.2 

45.3 

49.5 

53.6 

57.7 

42 

37.1 

41.2 

45.3 

49.5 

53.6 

57.7 

43 

37.1 

41.2 

45.3 

49.5 

53.6 

57.7 

44 

37.1 

41.2 

45.3 

49.5 

53.6 

57  8 

45 

37.1 

41.2 

45.4 

49.5 

53.6 

57.8 

46 

37.1 

41.2 

45.4 

49.5 

53.6 

57.8 

47 

41.2 

45.4 

49.5 

53.6 

57.8 

Derived  from:   V/B  =  0.41346  H  -  264.1790/D 

Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  2a. --Volume  in  board  feet  Scribner  rule  per  square  foot  of  basal  area,  blackjack  ponderosa  pine 

Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.0  foot 


Diameter 
breast  height 

Total  hei 

ght  in 

feet 

outside  bark 
(Inches) 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

Board 
108 

f  rtrt  ♦-   • 

12 

21 

38 

56 

73 

91 

tee L  ~ 
125 

13 

26 

43 

60 

78 

95 

112 

130 

14 

29 

46 

64 

81 

99 

116 

133 

■   155 

15 

32 

49 

67 

84 

101 

119 

r "  i4'2" 

J 

167 

16 

52 

69 

86 

104  j 

127 

152 

177 

17 

54 

71 

88 

r"ii6" 

135 

161 

186 

211 

18 

55 

73 

r'"9T 

117 

142 

168 

193 

219 

19 

57 

74 

;  98 

123 

148 

174 

199 

225 

20 

r  -  -  -  —  - 

'   77 

103 

128 

154 

179 

205 

230 

21 

82 

107 

133 

158 

184 

209 

235 

22 

86 

111 

137 

162 

188 

213 

239 

23 

89 

115 

140 

166 

191 

217 

242 

267 

24 

92 

118 

143 

169 

194 

220 

245 

271 

25 

120 

146 

171 

197 

222 

248 

273 

299 

26 

123 

148 

174 

199 

225 

250 

276 

301 

327 

27 

125 

150 

176 

201 

227 

252 

278 

303 

329 

28 

127 

152 

178 

203 

229 

254 

280 

305 

331 

29 

129 

154 

180 

205 

230 

256 

281 

307 

332 

30 

130 

156 

181 

207 

232 

257 

283 

308 

334 

31 

132 

157 

183 

208 

233 

259 

284 

310 

335 

32 

133 

158 

184 

209 

235 

260 

286 

311 

337 

33 

134 

160 

185 

210 

236 

261 

287 

312 

338 

34 

161 

186 

212 

237 

262 

288 

313 

339 

35 

162 

187 

212 

238 

263 

289 

314 

340 

36 

162 

188 

213 

239 

264 

290 

315 

341 

37 

163 

189 

214 

240 

265 

291 

316 

342 

38 

164 

190 

215 

240 

266 

291 

317 

342 

39 

190 

216 

241 

267 

292 

318 

343 

40 

216 

242 

267 

293 

318 

344 

41 

217 

242 

268 

293 

319 

344 

42 

218 

243 

268 

294 

319 

345 

43 

218 

244 

269 

294 

320 

345 

Derived  from:   V/B  =  1.7384  H  -  4855.5739/D  ,  above  dotted  line. 

V/B  =  2.5462  H  -  21011. 4393/D^,  below  dotted  line. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9, 
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Table  2b. --Volume  in  board  feet  Scribner  rule  per  square  foot  of  basal  area,  old-growth  ponderosa  pine 

Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1 .0  foot 


Diameter 
breast  height 

Total 

height  in 

feet 

outside  bark 
(Inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

Board  feet 
146 

12 

36 

58 

80 

102 

124 

168 

13 

43 

65 

87 

109 

131 

153 

175 

14 

49 

71 

93 

115 

137 

159 

181 

15 

54 

76 

98 

120 

142 

164    r 

l88 

16 

58 

80 

102 

124 

_1_46 

]       171 

200 

17 

61 

83 

105 

127 

152  ' 

181 

210 

238 

18 

64 

86 

108 

■'  "  132" 

160 

189 

218 

246 

19 

66 

88 

110 

139 

167 

196 

225 

2  53 

282 

20 

90 

116 

144 

173 

202 

231 

239 

2  88 

317 

21 

92 

121 

150 

178 

207 

2  36 

265 

293 

322 

22 

97 

125 

154 

183 

212 

240 

269 

2  98 

32  6 

23 

101 

129 

158 

187 

215 

244 

273 

302 

330 

24 

133 

161 

190 

219 

248 

27  6 

305 

334 

25 

136 

165 

193 

222 

2  51 

279 

308 

3-?7 

26 

138 

167 

196 

225 

2  53 

282 

311 

34l' 

27 

141 

170 

198 

227 

256 

285 

313 

342 

28 

143 

172 

201 

229 

2  58 

287 

315 

344 

373 

29 

145 

174 

202 

231 

2  60 

289 

317 

346 

37  5 

30 

147 

176 

2  04 

233 

262 

2  90 

319 

348 

377 

31 

148 

177 

206 

235 

263 

292 

321 

349 

378 

32 

179 

207 

236 

265 

293 

322 

351 

380 

33 

180 

209 

237 

266 

295 

324 

352 

381 

34 

181 

210 

239 

267 

296 

325 

353 

382 

35 

182 

211 

240 

268 

297 

326 

355 

383 

36 

183 

212 

241 

269 

298 

327 

356 

384 

37 

184 

213 

242 

270 

299 

328 

357 

385 

38 

185 

214 

242 

271 

300 

329 

357 

386 

39 

186 

215 

243 

272 

301 

329 

358 

387 

40 

215 

244 

273 

301 

330 

359 

388 

41 

216 

245 

273 

302 

331 

360 

388 

42 

245 

274 

303 

332 

360 

389 

43 

246 

275 

303 

332 

361 

390 

44 

247 

275 

304 

333 

361 

390 

45 

247 

276 

304 

333 

362 

391 

46 

248 

276 

305 

334 

362 

391 

47 

277 

305 

334 

363 

392 

Derived  from:  V/B  =  2.1933  H  -  8090.5757/D  ,  above  dotted  line. 
V/B  =  2.8724  H  -  2377 5 .6656/0^ ,  below  dotted  line. 

Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 


Table    3a. --Volume   in  board   feet  International   i-inch   rule   per   square    foot  of  basal   area,    blackjack 

ponderosa   pine 
Arizona  and  New  Mexico 


Board    feet   inside   bark 

Merchantable    stem  excluding   stump   and   top 


Top   diameter  variable 
Stump   height    1.0   foot 


Diameter 
breast  height 

Total  heigh 

t  in 

feet 

outside  bark 
(Inches) 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

—  n^-ifH 

feet 
150 

12 

21 

42 

64 

85 

107 

-  uodta 

128 

13 

27 

48 

70 

91 

113 

135 

156 

14 

32 

53 

75 

97 

118 

140  . 

-lAl- 

J  185 

15 

36 

58 

79 

101 

122 

144  ■' 

! 

168 

194 

16 

61 

82 

104 

.125  . 

J  150 

176 

202 

17 

64 

85 

107  r 

130 

157 

183 

209 

235 

18 

66 

88  [ 

lib 

136 

162 

188 

215 

241 

19 

68 

90  1 

115 

141 

167 

193 

219 

245 

20 

1   92 

119 

145 

171 

19  7 

223 

249 

21 

96 

122 

148 

174 

201 

227 

253 

22 

99 

125 

151 

177 

204 

230 

256 

23 

102 

128 

154 

180 

206 

232 

259 

285 

24 

104 

130 

156 

182 

209 

235 

261 

287 

25 

132 

158 

185 

211 

237 

263 

289 

315 

26 

134 

160 

186 

213 

239 

265 

291 

317 

343 

27 

136 

162 

188 

214 

240 

266 

293 

319 

345 

28 

137 

163 

189 

216 

242 

268 

294 

320 

346 

29 

138 

165 

191 

217 

243 

269 

295 

322 

348 

30 

140 

166 

192 

218 

244 

270 

297 

323 

349 

31 

141 

167 

193 

219 

245 

272 

298 

324 

350 

32 

142 

168 

194 

220 

246 

273 

299 

325 

351 

33 

143 

169 

195 

221 

247 

273 

300 

326 

352 

34 

170 

196 

222 

248 

274 

300 

327 

353 

35 

170 

197 

223 

249 

275 

301 

327 

353 

36 

171 

197 

223 

250 

276 

302 

328 

354 

37 

172 

198 

224 

250 

276 

302 

329 

355 

38 

172 

198 

225 

251 

277 

303 

329 

355 

39 

199 

225 

251 

277 

304 

330 

356 

40 

226 

252 

278 

304 

330 

356 

41 

226 

252 

278 

305 

331 

357 

42 

227 

253 

279 

305 

331 

357 

43 

• 

227 

253 

279 

305 

332 

358 

Derived   frDm:V/B  =  2.1533  H  -   6870.6637/D^,   above  dotted   line. 

V/B  =   2.6164  H  -    16133. 6238/D^,    below  dotted   line. 
Diameter  classes   full-inch;   e.g.    20-inch   class   includes    20.0   to   20,9. 


Table  3b. --Volume  in  board  feet  International  ^-inch  rule  per  square  foot  of  basal  area,  old-growth 

ponderosa  pine 
Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1 .0  foot 


Diameter 
breast  height 

Total 

height  in 

feet 

outside  bark 
(Inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

.   -   .   .    T 

oard  feet 
175 

12 

46 

72 

98 

123 

149 

200 

13 

54 

80 

106 

131 

157 

183 

208   , 

14 

61 

86 

112 

138 

163 

189 

215    ; 

15 

66 

92 

117 

143 

169 

194   r- 

1 

222' 

16 

70 

96 

122 

147 

^..U3  J 

201 

230 

17 

74 

100 

125 

151 

J  178 

208 

237 

267 

18 

77 

103 

128 

""iVi' 

184 

214 

243 

273 

19 

80 

105 

'■"lYf" 

160 

189 

219 

248 

278 

307 

20 

107 

135 

164 

194 

223 

253 

282 

311 

341 

21 

■'-foV" 

139 

168 

198 

227 

256 

286 

315 

345 

22 

113 

142 

171 

201 

230 

260 

289 

319 

348 

23 

116 

145 

174 

204 

233 

263 

292 

321 

351 

24 

147 

177 

206 

236 

265 

295 

324 

353 

25 

150 

179 

209 

238 

267 

297 

32  6 

356 

26 

152 

181 

210 

240 

269 

299 

328 

358 

27 

153 

183 

212 

242 

271 

300 

330 

359 

28 

155 

184 

214 

243 

273 

302 

331 

361 

390 

29 

156 

186 

215 

245 

274 

304 

333 

362 

392 

30 

158 

187 

217 

246 

275 

305 

334 

364 

393 

31 

159 

188 

218 

247 

277 

306 

335 

365 

394 

32 

189 

219 

248 

278 

307 

336 

366 

395 

33 

190 

220 

249 

279 

308 

337 

367 

396 

34 

191 

221 

250 

279 

309 

338 

368 

397 

35 

192 

221 

251 

280 

310 

339 

369 

398 

36 

193 

222 

252 

281 

310 

340 

369 

399 

37 

193 

223 

252 

282 

311 

341 

370 

399 

38 

194 

224 

253 

282 

312 

341 

371 

400 

39 

195 

224 

254 

283 

312 

342 

371 

401 

40 

225 

2  54 

283 

313 

342 

372 

401 

41 

225 

255 

284 

313 

343 

372 

402 

42 

255 

284 

314 

343 

373 

402 

43 

255 

285 

314 

344 

373 

403 

44 

256 

285 

315 

344 

374 

403 

45 

256 

286 

315 

345 

374 

403 

46 

257 

286 

315 

345 

374 

404 

47 

286 

316 

345 

375 

404 

Derived  from:  V/B  =  2.5669  H  -  8800.8801/D  ,  above  dotted  line. 
V/B  =  2. 9411  11  -  17420. 8616/D^,  below  dotted  line. 

Diameter  classes  full-iacli;  e.g.  20-inch  class  includes  20.0  to  20.9. 


Table   Aa. --Volume   in  board   feet   Scribner   rule   per   square    foot  of  basal   area,   blackjack  ponderosa   pine 

Arizona  and   New  Mexico 


Board   feet   inside   bark 

Merchantable    stem  excluding   stump  and   top 


Top  diameter  variable 
Stump   height    1.0   foot 


Diameter 
breast  height 

Number 

of  merchantable 

16-foot  logs 

outside  bark 
(Inches) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

-  -  -  nr^fl--^  f««». 

12 

51 

71 

92 

113 

133 

"   ~   ~   DC 

13 

49 

70 

91 

111 

132 

152 

14 

48 

69 

90 

110 

131 

151 

f 

15 

47 

68 

89 

109 

130 

r  *153 

180 

16 

47 

67 

88 

109 

'  130 

157 

185 

213 

17 

46 

67 

87 

108 

!  134 

161 

189 

216 

18 

66 

87 

r  no" 

137 

165 

192 

220 

247 

19 

66 

86 

1  112 

140 

167 

195 

222 

250 

20 

65 

r  87 

115 

142 

170 

197 

225 

252 

21 

65 

1   89 

117 

144 

172 

199 

227 

254 

22 

65 

'.      91 

119 

146 

174 

201 

229 

256 

23 

r'65" 

93 

120 

148 

175 

203 

230 

258 

285 

2A 

67 

94 

122 

149 

177 

204 

232 

259 

287 

25 

95 

123 

150 

178 

205 

233 

260 

288 

315 

26 

124 

151 

179 

206 

234 

262 

289 

317 

344 

27 

125 

152 

180 

207 

235 

262 

290 

317 

345 

28 

126 

153 

181 

208 

236 

263 

291 

318 

346 

29 

127 

154 

182 

209 

237 

264 

292 

319 

347 

374 

30 

127 

155 

182 

210 

237 

265 

292 

320 

347 

375 

31 

128 

155 

183 

210 

238 

265 

293 

320 

348 

376 

32 

129 

156 

184 

211 

239 

266 

294 

321 

349 

376 

33 

129 

157 

184 

212 

239 

267 

294 

322 

349 

377 

34 

130 

157 

185 

212 

240 

267 

295 

322 

350 

377 

35 

130 

157 

185 

213 

240 

268 

295 

323 

350 

378 

36 

158 

185 

213 

240 

268 

295 

323 

350 

378 

37 

158 

186 

213 

241 

268 

296 

323 

351 

378- 

38 

159 

186 

214 

241 

269 

296 

324 

351 

379 

39 

186 

214 

241 

269 

296 

324 

352 

379 

40 

214 

242 

269 

297 

324 

352 

379 

41 

215 

242 

270 

297 

325 

352 

380 

42 

215 

242 

270 

297 

325 

352 

380 

43 

215 

243 

270 

298 

325 

353 

380 

Derived   from:      V/B  =  41.2162  H  +   1497.1764/D'',   above   dotted   line. 
V/B  =  55.0204  H  -   9550.8089/D^,   below  dotted   line. 
Diameter  classes   full-inch;  e.g.   20-inch  class  Includes   20.0  to  20.9. 
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Table   4b. --Volume    in  board   feet   Scribner  rule   per   square    foot   of  basal  area,    old-growth   ponderosa   pine 

Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.0  foot 


Diameter 
breast  height 

Number 

of  mere 

lantable 

16-foot  logs 

outside  bark 
(Inches) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

_   _   ■   Rr^ 

ard  feet 

12 

45 

70 

95 

120 

146 

DO 

171 

13 

45 

71 

96 

121 

147 

172 

19  7 

14 

46 

71 

97 

122 

147 

173 

198 

15 

47 

72 

97 

123 

148 

173 

198 

224  ! 

16 

47 

72 

98 

123 

148 

174 

199  J 

227 

17 

48 

73 

98 

123 

149 

174  r  202 

232 

18 

73 

98 

124 

149 

;'i7"6'" 

206 

236 

266 

19 

73 

99 

124 

r"l49" 

1 

17S 

209 

239 

269 

299 

20 

74 

99 

124 

J  152 

182 

212 

242 

272 

302 

332 

21 

74 

r'95- 

'  l2'5' 

155 

185 

214 

244 

274 

304 

334 

364 

22 

97 

127 

157 

187 

217 

247 

276 

306 

336 

366 

23 

129 

159 

189 

218 

248 

278 

308 

338 

368 

24 

130 

160 

190 

220 

250 

280 

310 

340 

370 

25 

132 

162 

192 

222 

252 

282 

311 

341 

371 

26 

133 

163 

19  3 

223 

253 

283 

313 

343 

373 

27 

134 

164 

194 

224 

254 

284 

314 

344 

374 

28 

135 

165 

195 

225 

255 

285 

315 

345 

375 

29 

136 

166 

196 

226 

256 

286 

316 

346 

376 

30 

137 

167 

19  7 

227 

257 

287 

317 

347 

377 

407 

31 

138 

163 

198 

228 

258 

288 

318 

347 

377 

407 

32 

139 

169 

199 

228 

258 

288 

318 

348 

378 

408 

33 

169 

199 

229 

259 

289 

319 

349 

379 

409 

34 

170 

200 

230 

260 

290 

319 

349 

379 

409 

35 

170 

200 

230 

260 

290 

320 

350 

380 

410 

36 

171 

201 

231 

261 

291 

321 

350 

380 

410 

37 

171 

201 

231 

261 

291 

321 

351 

381 

411 

38 

202 

232 

262 

291 

321 

351 

381 

411 

39 

202 

232 

262 

292 

322 

352 

382 

412 

40 

202 

232 

262 

292 

322 

352 

382 

412 

41 

203 

233 

263 

293 

322 

352 

382 

412 

42 

233 

263 

293 

323 

353 

383 

413 

43 

233 

263 

293 

323 

353 

383 

413 

44 

234 

263 

293 

323 

353 

383 

413 

45 

234 

264 

294 

324 

354 

383 

413 

46 

234 

264 

294 

324 

354 

384 

414 

47 

264 

294 

324 

354 

384 

414 

Derived  from: 


50.5655  H  -  933.4892/0^,  above  dotted  line, 
,2 


V/B   = 

V/B   =   59.8509    H   -    11544 .2484/D^ ,    below  dotted    line, 
Diameter   classes    full-inch;    e.g.    20-inch   class    includes    20.0   to   20.9, 
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Table    5a. --Volume    in  board   feet   International   i-inch   rule   per   square    foot   of   basal   area,    blackjack 

ponderosa  pine 
Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.0  foot 


Diameter 
breast  height 

Numbe  r 

of  mere 

hantable 

16-foot  logs 

outside  bark 
(Inches) 

1.0 

1,5 

2,0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

-   -   -   R/^-»*-rl  f^^t- 

12 

62 

86 

110 

134 

158 

"   ~   ■"   DC 

13 

60 

84 

108 

132 

156 

180 

; 

14 

58 

82 

106 

130 

154 

r'f7y' 

15 

57 

81 

105 

129 

r'lvr 

180 

208 

16 

56 

80 

104 

128 

1   154 

182 

210 

238 

17 

55 

79 

103  r 

127"" 

155 

184 

212 

240 

18 

78 

102  J 

129 

157 

185 

213 

242 

270 

19 

78 

102 

130 

158 

186 

215 

243 

271 

20 

77 

103 

131 

159 

187 

216 

244 

272 

21 

_  .77_  , 

104 

U1 

160 

188 

217 

245 

273 

22 

76 

104 

133 

161 

189 

218 

246 

274 

23 

77 

105 

133 

162 

190 

218 

247 

275 

303 

24 

78 

106 

134 

162 

191 

219 

247 

275 

304 

25 

106 

135 

163 

191 

219 

248 

276 

304 

333 

26 

135 

163 

192 

220 

248 

276 

305 

333 

361 

27 

136 

164 

192 

220 

249 

277 

305 

333 

362 

28 

136 

164 

193 

221 

249 

277 

306 

334 

362 

29 

136 

165 

193 

221 

249 

278 

306 

334 

363 

391 

30 

137 

165 

193 

221 

250 

278 

306 

335 

363 

391 

31 

137 

165 

194 

222 

250 

278 

307 

335 

363 

391 

32 

137 

165 

194 

222 

250 

279 

307 

335 

363 

392 

33 

137 

166 

194 

222 

251 

279 

307 

335 

364 

392 

34 

138 

166 

194 

223 

251 

279 

307 

336 

364 

392 

35 

138 

166 

194 

223 

251 

279 

308 

336 

364 

392 

36 

166 

195 

223 

251 

279 

308 

336 

364 

393 

37 

167 

195 

223 

251 

280 

308 

336 

364 

393 

38 

167 

195 

223 

252 

280 

308 

336 

365 

393 

39 

195 

223 

252 

280 

308 

336 

365 

393 

40 

224 

252 

280 

308 

337 

365 

393 

41 

224 

252 

280 

308 

337 

365 

393 

42 

224 

252 

280 

309 

337 

365 

393 

43 

224 

252 

280 

309 

337 

365 

394 

Derived  from:   V/B  =  47.7723  H  +  2257 .4716/D^,  above  dotted  line. 
V/B  =  56.5466  H  -  4377 .0735/D^,  below  dotted  line. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  5b. --Volume  in  board  feet  International  ^-inch  rule  per  square  foot  of  basal  area,  old  growth 

ponderosa  pine 
Arizona  and  New  Mexico 


Board  feet  inside  bark 

Merchantable  stem  excluding  stump  and  top 


Top  diameter  variable 
Stump  height  1.0  foot 


Diameter 
breast  height 

Number 

of  merchantable 

16-foot  logs 

outside  bark 
(Inches) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

.  _  _  Rn- 

ird  feet 

12 

56 

86 

115 

145 

174 

Dfjc 

203 

13 

57 

86 

116 

145 

174 

204 

233 

14 

57 

86 

116 

145 

175 

204 

233 

15 

57 

87 

116 

145 

175 

204 

234 

263 

16 

57 

87 

116 

146 

175 

204 

234 

263  ; 

17 

58 

87 

116 

146 

175 

205 

234 

263  J 

18 

87 

117 

146 

175 

205 

234  r 

"260" 

290 

19 

87 

117 

146 

175 

205  1 

"231  ' 

261 

292 

323 

20 

87 

117 

146 

176 

;  201 

232 

263 

293 

324 

355 

21 

87 

117 

146 

176 

[     203 

233 

264 

295 

325 

356 

387 

22 

117 

146 

rv73-' 

204 

234 

265 

296 

326 

357 

388 

23 

146 

;  174 

205 

235 

266 

297 

327 

358 

388 

24 

144 

-J 

175 

205 

236 

267 

297 

328 

359 

389 

25 

145 

175 

206 

237 

267 

298 

329 

359 

390 

26 

145 

176 

207 

237 

268 

299 

329 

360 

391 

27 

146 

177 

207 

238 

269 

299 

330 

361 

391 

28 

146 

177 

208 

238 

269 

300 

330 

361 

392 

29 

147 

178 

208 

239 

270 

300 

331 

361 

392 

30 

147 

178 

209 

239 

270 

301 

331 

362 

393 

423 

31 

148 

178 

209 

240 

270 

301 

332 

362 

393 

424 

32 

148 

179 

209 

240 

271 

301 

332 

363 

393 

424 

33 

179 

210 

240 

271 

302 

332 

363 

394 

424 

34 

179 

210 

241 

271 

302 

333 

363 

394 

424 

35 

180 

210 

241 

271 

302 

333 

363 

394 

425 

36 

180 

210 

241 

272 

302 

333 

364 

394 

425 

37 

180 

211 

241 

272 

303 

333 

364 

395 

425 

38 

211 

241 

272 

303 

333 

364 

395 

425 

39 

211 

242 

272 

303 

334 

364 

395 

426 

40 

211 

242 

272 

303 

334 

364 

395 

426 

41 

211 

242 

273 

303 

334 

365 

395 

426 

42 

242 

273 

303 

334 

365 

395 

426 

43 

242 

273 

304 

334 

365 

396 

426 

44 

242 

273 

304 

334 

365 

396 

426 

45 

243 

273 

304 

334 

365 

396 

426 

46 

243 

273 

304 

335 

365 

396 

427 

47 

273 

304 

335 

365 

396 

427 

Derived  from:   V/B  =  58.8214  H  -  389.9661/D  ,  above  dotted  line. 

V/B  =  61.3012  H  -  5523.7105/D^,  below  dotted  line. 
Diameter  classes  full-inch;  e.g.  20-inch  class  includes  20.0  to  20.9. 
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Table  6a. — tree  volumes  per  square  foot  of  basal  area  by  tree  heights,  blackjack  and  old-growth  ponderosa 

pines  (measured  In  feet) 


Tree 
height 
(feet) 

Blackjacks 

Old-growth 

Merchantable 

Board  feet 

Board  feet 

.   Merchantable 

Board  feet 

Board  feet 

cubic  feet 

Scribner 

International 

.    cubic  feet 

Scribner 

International 

20 

5.3 

— 

— 

— 

-- 

- 

30 

9.0 

21 

26 

11.0 

— 

" 

40 

12.6 

41 

50 

15.3 

44 

55 

50 

16.5 

63 

74 

19.5 

70 

84 

60 

20.9 

86 

102 

23.8 

101 

120 

70 

25.1 

117 

135 

28.2 

138 

160 

80 

29.3 

156 

171 

32.4 

178 

199 

90 

33.2 

194 

208 

36.7 

218 

234 

100 

37.2 

230 

242 

40.9 

255 

272 

HO 

41.1 

258 

271 

45.2 

290 

305 

120 

45.0 

286 

300 

49.4 

324 

338 

130 

48.7 

311 

325 

53.6 

354 

368 

140 

52.4 

336 

350 

57.7 

384 

398 
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Table  6b. --Tree  volumes  per  square  foot  of  basal  area  by  tree  heights,  blacKjack  and  old-growth  ponderosa 

pines  (measured  in  logs) 


Tree 

height 

logs 


Blackjacks 


Board  feet 
Scribner 


Board  feet 
International 


Old-growth 


Board   feet 
Scribner 


Board    feet 
International 


1.0 
1.5 
2.0 
2.5 
3,0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 


50 
69 
89 
112 
142 
176 
206 
236 
265 
293 
321 
350 
378 


60 
83 
106 
130 
158 
190 
220 
249 
278 
307 
336 
365 
393 


45 
71 
97 
123 
154 
186 
224 
255 
286 
318 
349 
380 
411 


57 
86 
116 
146 
176 
206 
237 
269 
301 
332 
364 
395 
426 
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Habitat  Relations  of  Vertebrates  of  the 
Sierra  Ancha   Experimental   Forest 


by 

Hudson  G.  Reynolds  and  R,  Roy  Johnson 


Many  forms  of  vertebrates  are  found  on 
the  14,000-acre  Sierra  Ancha  Experimental 
Forest  of  the  Sierra  Ancha  Mountains,  which 
lie  between  Globe  and  Young,  Gila  County, 
Arizona.  Elevations  range  from  3,500  feet  to 
over  7,000  feet;  soils  and  aspects  vary  great- 
ly. As  a  result,  vegetation  associations  are 
complex.  Such  varied  environmental  condi- 
tions produce  a  diversity  of  habitats  for 
vertebrates. 

This  paper  describes  the  Experimental 
Forest  in  general  terms,  characterizes  the 
more  important  vertebrate  habitats,  and  pre- 
sents a  checklist  of  vertebrates  together  with 
notes  as  to  relative  abundance,  seasonal 
occurrence,  and  macro-  and  microhabitats. 

For  nearly  30  years,  precipitation  and 
runoff  have  been  measured  from  numerous 
watersheds  within  the  Experimental  Forest. 
Vegetation  has  been  modified  on  some  water- 
sheds to  determine  the  influences  of  different 
kinds,  statures,  and  arrangements  of  vegeta- 
tion upon  water  yields  and  erosion.  Other  ex- 
perimental watersheds  have  been  grazed  or 
logged. 

Past  or  future  changes  in  plant  cover  may 
have  or  may  be  expected  to  affect  the  verte- 
brate fauna.  Some  species  could  be  favored; 
others  affected  adversely.  Multiple-use  land 
management  is  concerned  with  the  interre- 
lated effects  of  land  use  upon  both  fauna  and 
flora.  Hence,  an  inventory  of  vertebrate  fauna 
in  relation  to  their  habitats  provides  impor- 
tant basic  information.  Moreover,  as  vegeta- 
tion is  changed  by  various  experiments, 
responses  of  vertebrate  animals  can  be  re- 
lated to  habitat  modifications.  From  such  data, 
the  impact  of  land- management  activities 
involving  modification  of  vegetation  upon 
vertebrate  fauna  can  be  predicted. 


HABITATS 

Macrohabitats  are  designated  according  to 
dominant  vegetation  as  pine-fir,  ponderosa 
pine,  chaparral,  and  desert  grassland.  Micro- 
habitats  or  vertebrate  niches  exist  within 
macrohabitats.  These  niches  have  both  space 
and  stature  relations  to  macrohabitats.  Mac- 
rohabitats are  always  given  for  each  verte- 
brate; where  relations  are  known,  microhabi- 
tats are  also  identified. 


Pine- Fir 

The  pine-fir  habitat  is  found  at  the  highest 
elevations  on  the  Forest--from  6,000  to  over 
7,000  feet  (fig.  1).  Best  development  of  trees 
is  reached  under  comparatively  cool  and 
moist  conditions  of  north-  and  east-facing 
slopes.  Dominant  trees  include  Douglas-fir,'' 
white  fir,  and  ponderosa  pine.  Understory 
associated  trees  are  Gambel  oak,  and  New- 
Mexican  locust.  Where  light  penetrates  the 
canopy,  mountain  snowberry  is  common. 

Important  microhabitats  include  (1)  rocky 
cliffs,  (2)  natural  forest  openings,  (3)  forest 
clearings,  (4)  alder-maple  riparian  sites,  (5) 
aspen,  and  (6)  numerous  situations  associated 
with  stature  and  foliage  of  trees  (fig.  2). 
Natural  forest  openings  are  dominated  by 
Kentucky  bluegrass,  although  numerous  forbs 
are  also  present.  Introduced  orchardgrass 
dominates  forest  clearings.  Riparian  sites 
have  a  dominant  overstory  of  bigtooth  maple, 
boxelder,  and  Arizona  alder.  Common  mon- 
keyflower  and  golden  columbine  are  common 


■*  FoK     coMT'on     (uid  botanA.cal  ncaneyi  o^  plant!) 
mzntiomd,  ^ee  vapt  7. 
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F^QUAC  7. --In  the.  pim-{,in.  habUat,  thz  OMZfatofin  o^  VouQla^-f^lA,  idvU-Z  f,l>i, 
and  vondz{io6a  r>im  i^  dzn6z,   buX  the.  unden^to^ti  veoetatU.on  l6  icantu. 


-ifTTVL  '"7f -• ':  «r5»»; 


TlaaH-d  2. — Typical  oi 
iomd  d  tixz  nxicAo- 
habiXcitd  {)Oiind  on  tkz 
S-izAAa  Ancha  ExpMA.- 
mental  f,ofizit  anz: 


MdzK-ynavtd  nlpaxian 


Natunal  (>ofiti>t  optn- 
ingi  WAXh  fiockif  cIa.^^6 
in  backc\fiound. 


Oak-mcamoiQ,  fiipoJUan 


^^:;. 


where  permanent  water  exists.  Aspen  sites 
are  overstoried  by  quaking  aspen;  they  may 
be  understoried  by  white  fir  reproduction  and 
mountain  snowberry.  Numerous  forbs  are 
usually  present. 

Representative  vertebrates  include  the 
Mexican  packrat,^  porcupine,  sharp-shinned 
hawk,  turkey,  hairy  woodpecker,  and  Coues' 
flycatcher.  In  riparian  situations,  the  red- 
faced  warbler  is  characteristic. 


Ponderosa  Pine 

The  ponderosa  pine  habitat  extends  from 
7,000  feet  down  to  about  5,500  feet  elevation 
(fig.  3).  At  the  higher  elevations,  the  habitat 
is  found  on  drier  sites- -south-  and  west- 
facing  slopes  and  shallow  soils. 

Ponderosa  pine  is  the  dominant  tree.  Asso- 
ciated trees  in  the  understory  include  Gambel 
oak,  New-Mexican  locust,  and  emory  oak. 
Bracken  is  the  most  conspicuous  herbaceous 
plant.  There  are  minor  amounts  of  blue  grama 
and  prairie  Junegrass. 

Flora  of  microhabitats  of  rocky  cliffs,  na- 
tural forest  openings,  and  forest  clearings  is 
similar  to  that  of  the  pine-fir  habitat.  In  addi- 
tion, emory  oak  and  oak-sycamore  micro- 
habitats  are  found  in  ponderosa  pine.  Emory 
oak  environments  are  confined  to  drier  situa- 


ainninci  on  pac^e.  9. 


namz6,     4ee  chzcktiMt  6e- 


tions  of  shallow  soils,  south-facing  aspects, 
rock  outcrops,  or  combinations  thereof.  Asso- 
ciated shrubs  in  the  understory  include  birch- 
leaf  mountainmahogany  and  pointleaf  manzan- 
ita.  Oak-sycamore  riparian  sites  are  charac- 
terized by  Arizona  white  oak,  Arizona 
sycamore,  and  Arizona  walnut. 

Among  the  conspicuous  vertebrates  are 
tassel-eared  squirrel,  whitetail  deer,  Steller's 
jay,  western  bluebird,  and  chipping  sparrow. 
Vertebrates  often  seen  in  the  oak-sycamore 
microhabitat  are  Arizona  gray  squirrel.  Coop- 
er's hawk,  screech  owl,  western  and  Cassin's 
kingbirds,  and  bridled  titmouse. 


Chaparral 

The  chaparral  habitat  occupies  elevations 
from  about  4,000  to  6,000  feet  (fig.  4).  Among 
the  most  conspicuous  woody  species  are  shrub 
live  oak,  skunkbush  sumac,  pointleaf  manzan- 
ita,  hoUyleaf  buckthorn,  desert  ceanothus, 
Wright  silktassel,  and  birchleaf  mountainma- 
hogany. The  most  prominent  perennial  grass- 
es in  the  understory  are  side-oats  grama  and 
hairy  grama. 

The  main  microhabitats  include  rocky 
cliffs  and  oak- sycamore  riparian  sites  that 
have  been  previously  described. 

Among  the  more  conspicuous  vertebrates 
encountered  in  this  habitat  are  the  banded 
gecko,  scrub  jay,  plain  titmouse,  western 
rooter  skunk,  and  ringtail. 


F^quAe  3.--Pen4e  anddn- 
ittoitf  aKowi,  in  thz 
pondz^oia  n-inz  habitat 

i.'Alt^Z  thz   OVZIAitoKU  of, 
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Desert  Grassland 

The  desert  grassland  habitat  is  compara- 
tively small  on  the  Experimental  Forest  (fig. 
5).  This  environment  is  confined  tobenchlands 
below  5,000  feet  elevation  where  soils  are 
comparatively  shallow.  There  is  some  inva- 
sion of  velvet  mesquite.  The  most  abundant 
halfshrub  is  broom  snakeweed.  Common  per- 
ennial grasses  include  side-oats  grama,  hairy 
grama,  black  grama,  and  curlymesquite. 

The  most  characteristic  vertebrates  of 
this  habitat  include  the  Gila  monster,  Gam- 
bel's  quail,  roadrunner,  mockingbird,  phaino- 
pepla,  and  peccary. 


COLLECTIONS  AND  IDENTIFICATIONS 

Many  of  the  species  collections  and  identi- 
fications were  made  by  the  junior  author  in 
preparing  a  Master's  thesis  for  the  Depart- 
ment of  Zoology  at  the  University  of  Arizona, 
Tucson.  ^  Other  identifications  are  from  pre- 
vious museum  collections.  Data  on  reptiles 
and  amphibians  are  from  a  collection  by 
Little.'' 

In  the  "Checklist  of  Vertebrates  and  Habi- 
tat Relations"  which  follows,  scientific  and 
common  names  of  birds  are  according  to  the 
AOU;^  other  vertebrates,  Blair  et  al.  ^ 

Museum  collections  and  sight  identifica- 
tions are  indicated  by  the  following  symbols: 

USNM  --        United  States  National  Muse- 
um, Washington,  D.C. 


MVZ  --  Museum  of  Vertebrate  Zoolo- 

gy,   University  of  California, 
Berkeley,  California 
UA  --  University    of    Arizona,   Tuc- 

son, Arizona 
JSW  --  Johnson-Simpson- Werner 

Collection,  Arizona  State  Uni- 
versity, Tempe,  Arizona 
Sight  --  Sight  record  only 

The  relative  abundance  of  each  species  is 
indicated  as  follows: 

Abundant  --  The  species  is  conspicuous 
and  is  easily  collected,  or 
may  be  observed  several 
times  in  passing  through  a 
major  habitat 

Common  --  The  species  can  be  located 
any  time  during  the  proper 
season  by  working  carefully 
in  a  specific  habitat 


^  Johndon,  R.  Ho/'.  Thz  biota  o^  SieAAa 
Ancha,  Giia  Counln,  hnJizona.  114  pn.,  1960. 
{Linnubtif,hzd  rioi-CcA'i  thci-L:,  on  f,ilz  at  OzpaHt- 
YY^znt  of  loofooii,   llyilvun^ltu  of  Aiizona,   Tucson,] 

''  Little.,  EibeAt  L.  Jfi,  Amvltibiani  and  nzp- 
tiZoA  of  the.  V.ooi>e\}elt  ReAeAvoifi  An.ea,  knizona. 


Copei.a  4:    260-265. 


1940. 


'  AjneAA.can  On^rUthologiAt^'  Union.  Check- 
fi^t  of  Month  AnieAican  biAm.  Ed.  S,  691  pn. 
BattAjnoKet  The  loud  BaltijmoKe  VfieM>,   Inc.    19S7. 

"^  BioAA,  W.  f.,  BiaxA,  A.  P.,  iiAodkofib,  P., 
and  otheA^.  I'eJUebfLoteA  of  the  United  StateA. 
SI 9  pp.,  iUwt>.  New  VoA.k:  HcdfLaLO-HiU.  Book  Co., 
Inc.      1957. 


fiquAe  5.  —  Velvet  ry^eAqtUte 
and  bAoorti  iyiakeii^eed  aKe 
invading  thJj,  deJ>  ent 
Qfuuiland  habitat. 


Rare  --  Familiarity    with    habitat  re- 

quirements of  the  species  and 
persistent  effort  are  neces- 
sary to  locate  the  species 

Residence  status  of  birds  is  indicated  as 
follows: 

Resident  --    Found  in  the  habitat  yearlong 
Summer 
resident  --  Breeds    in  the  habitat  during 

the  summer  months 
Visitor  --       Found    in    the    habitat    during 

specific    seasons  of  the  year 
Transient--  Stops  over  in  the  habitat  for 

short  periods  in  the  course  of 

migration 


COMMON  AND  BOTANICAL  NAMES 
OF    PLANTS  MENTIONED 


Perennial  Grasses 

Bluegrass,  Kentucky 

Poa  pfuitzmti  L. 

Curlymesquite 

Hilafila  h dlannt'l-i  {St eud.)  Nash 

Grama,  black 

Boatnloua  afiicooda  Torr. 

Grama,  blue 

Doutzloiia  otiaciLif,    (H.B.K.)  Lag. 

Grama,  hairy 

iJ>oute.loua  liAjiiata  Lag. 

Grama,  side-oats 

Ucutzloaa  cufitiptndLda  (Michx.)  Torr. 

Orchardgrass 

VactiflLf,  alcm^e-finta  L. 

Junegrass,  Prairie 

K.otle.nA.a  cJvUitata  (L.)  Pers. 

Forbs 

Bracken 

Piznldiuyi  af/(u.-Cx.H((Fi  (L.)  Kuhn 

Columbine,  golden 

Aqallzoia  ckfitjf^antka  A.   Gray 

Monkeyf lower,  common 
>\Ar,utiLi  QutJiatLLi   DC. 


Trees  and  Shrubs 

Alder,  Arizona 

AlnuA   oblpnai{\ofA.a   Torr. 

Aspen,  quaking 

PopuZui   tieruLloideJ>   Michx. 

Boxelder 

Ace-^  ncQunda  L. 

Buckthorn,  hoUyleaf 

Rhar,mLU>   cuocta  Nutt. 
Ceanothus,  desert 

Czanothiif)   QKzqoLL  Gray 

Cholla 

Douglas-fir 

Pizudotiana  mzmiOy^-Li  (Mirb.)  Franco 
Fir,  white 
Ab-te4    conaoton.  [Gord.    and  Glend)   LindL 

Locust,  New-Mexican 

Pobiwia  nO-Oritdxicana   A.    Gray 

Manzanita,  pointleaf 

kficXotstaplujtoii   purtfien-i   H.B.K. 

Maple,  bigtooth 

Kcan  QnRndidzntatim    Nutt. 
Mesquite,  velvet 
Pnoi.O'i-yid   vzlut-ina  (Woot.)  Sarg. 

Mountainmahogany,  birchleaf 

CeAcocan.p(U  bztuZo-LdeA  Nutt. 
Oak,  Arizona  white 

QuzfiCLLi,  afvizonica  Sarg. 
Oak,  Emory 

Q.u.e-^cai    anoKili   Torr. 

Oak,  Gambel 

Qazucixi,   Qoribz^lA.  Nutt. 
Oak,  shrub  live 
Qu&KCLUi   tafibinz-^I-a    Greene 

Pine,  ponderosa 

Pinui   pondzfioia    Laws  on 

Silktassel,  Wright 

GafiKtia  vJULcilvCLL   Torr. 

Snakeweed,  broom 

Gatlzuhzzla  ioAothnaz    (Pursh)  Britt   &  Rusby 

Snowberry,  mountain 

Siimpko^COAWi    oKZopkllwi  A.    Gray 

Sumac,  skunkbush 

RhiLi   tullobata  Nutt. 

Sycamore,  Arizona 

PtatanM  I'^fviglvtii   S.    Wats. 

Walnut,  Arizona 

Jualam  mion.   (Torr.)  Heller 

Yucca 

Yucca  ipp. 


1 


£    rt      o    rt 


•5  e 


J  2 


S  3 
z 


(0    o    2 


CO  2:  X  jc 


JC     ?     OC  -5    1)   "O 


S  a  J 


s  «  o  ,!;  o 

••a  >•  .5  -  >•  o 

O    fc,  C  rt  *'  2  "^ 

0.  w  u  £  o  5 


0.  2 


£• 


-"  •¥  -S  E  i-o 

"  i  «  «  c  JS  „ 

U         w  ?         « 


^   o 


S  c  .S  =  -  £  3 
2      o      « 


o  —   c 
"*  *•   S   o 


a  S   * 


1   § 

>.  — 

£3 

0.  ~A 


"        i  " 

6  c  S  " 

>-  o  "^ 

a.  D  S 


>!   o   S  t; 


£•  £  s  E  .2  =  « 

rt  o  °   t»  a  5  t 
"  2  J  S  a  » .t: 


0  5- 


o:  > 


o  «< 


2  « 


"  3  ♦'  -   6 
b!  «  S  ^ 


a.  w  S  0!  O 


*  « 


•S,  c    P   V 


S  b:  o 


»  *  «  * 
^     o 


S  £■  S 


I  X     b:  (0  w 


t  i 

>. 

s  fc 

n    - 

«i  1. 

0.  i, 

it 

> 

V 

Q 

Q 

2S 

5  2      S  2  2  S 


^  2 

<  h- 

z  < 

i  I: 

o  o 

Q  ^ 


X  <x  a. 

01  liJ 

2  a: 

< 


CD  —  IK  Q  W 


CHECKLIST   OF   VERTEBRATES  AND  HABITAT  RELATIONS 


Common  and  scientific  names 


Relative 
abundance 


Resident 
status 


Location  of 
museum 
collection 


Additional  notes 


FISHES: 

Salmons,   trouts,   and  chars  (Salmonidae) 
Rainbow  trout 
Salmo  aaltxtni'U  Richardson 

Brook  trout 
SoJ^vzlinuA    (cn-Unali-i  (Mitchill) 

AMPHIBIANS: 


Tree  frogs   (Hylidae) 
Canyon  tree  frog 
Htiia.  oAdnicotol  Cope 

Frogs   (Ranidae) 
Leopard  frog 
Pana  pipizni    Schreber 

Tarahumara  frog 
Rana  taA.ahimaAae.  Boulenger 

REPTILES: 

Gekos   (Gekkonidae) 
Banded  gecko 
Colzonifx  \liViie.q(itai  (Baird) 

Iguanas  (Iguanidae) 
Collared  lizard 
C^-Otaohiltui   ccUxuUi  (Say) 

Greater  earless  lizard 
HoibKookia  tzxana  (Troschel) 

Clark's  spiny  lizard 
Sctlopona-!,    ctOAki  Baird  and  Girard 

Eastern  fence  lizard 
Sce.topofiui   andatcUul,  (Latreille) 

Tree  lizard 
Uia  ofmaXa    Baird  and  Girard 

Short -horned  lizard 

P>iA(W04oma  doaglcusii  (Bell) 

Lateral  fold  lizards  (Anguidae) 
Arizona  alligator  lizard 
(^ZAAhonotai,   fcXiiq^  (Gray) 

Beaded  lizards   (Helodermatidae) 
Gila  monster 
HztodWma  iairizcUun  Cope 

Teids  (Teidae) 
Western  whiptail 

CnemLdopkoiui  tia'vUt  Baird  and  Girard 

Spotted  whiptail 

Cnemidopho>wii  iackx    Wiegmann 

Skinks  (Scincidae) 
Great  Plains  skink 

Bume.ce.i   obioteXai    (Baird  and  Girard) 

Blind  snakes   (Leptotyphlopidae) 
Western  blind  snake 

Le.ptotijphlopi  huruJiU.  (Baird  and  Girard) 

Colubrids  (Colubridae) 
Mexican  garter  snake 
Xhamnop\vii>  e^uM    (Reuss) 

Western  garter  snake 

JhamnophiA   zIzqclm,    (Baird  and  Girard) 

Sonora  whipsnake 

'■laiticophU   bttintatiu,    Jan. 


Rare  Resident 

Rare  Resident 

Common  Resident             USNM 

Rare  Resident             USNM 

Abundant  Resident             USNM 


Rare 


Rare 


Rare 


Resident 


Rare 

Common 

Rare 

Common 

Common 

Abundant  Resident 

Common  Resident 


Resident 


Introduced  in  Workman  Creek; 
alder-maple  riparian 

Introduced  in  Workman  Creek; 
alder-maple  riparian 


Oak-sycamore  and  alder -maple 
riparian 

Oak-sycamore  and  alder-maple 
riparian 

Oak-sycamore  riparian 


Resident  USNM  Chaparral 


USNM  Chaparral 

USNM  Chaparral 

USNM  Chaparral 

USNM  Pine-fir,    ponderosa  pine,    chaparral 

USNM  Chaparral 

USNM  Pine-fir,    ponderosa  pine,    chaparral 


Resident  USNM  Pine-fir,    ponderosa  pine,    chaparral 


Resident  USNM  Chaparral 


Rare  Resident  USNM  Chaparral 

Common  Resident  USNM  Chaparral 

Rare  Resident  USNM  Chaparral 


Resident  USNM  Chaparral 


Common  Resident  USNM  Oak-sycamore  and  alder-maple  riparian 

near  permanent  water 

Common  Resident  USNM  Oak-sycamore  and  alder -maple  riparian 

near  water 

Rare  Resident  USNM  Chaparral 
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CHECKLIST     OF     VERTEBRATES     AND     HABITAT 

(continued) 


RELATIONS 


Common  and  scientific  names 


Relative 
abundance 


Resident 
status 


Location  of 
museum 
collection 


Additional  notes 


Striped  whipsnake 
•taA-ttcop/Uj  tacrUaXui  (Hallowell) 

Mountain  patch-nosed  snake 
SaZvadoia  onahamLae.   Baird  and  Girard 

Gopher  snake 
PiXuoplUi   catttUieA  (Blainville) 

Sonora  mountain  kingsnake 
Lcuwioptttii  piilonie.t/ina  (Cope) 

Night  snake 
Hup6iote.na  tolouajta  Gunther 

Mexican  black -headed  snake 
Tantltta  at>Uce.pi  (Gunther) 

Pit  vipers  (Crotalidae) 
Black-tailed  rattlesnake 
Cxotatui  motoiiui    Baird  and  Girard 

Western  rattlesnake 
Cuotatai  viAA.dii    (Rafinesque) 

BIRDS: 


Common 

Resident 

USNM 

Chaparral 

Common 

Resident 

USNM 

Chaparral 

Common 

Resident 

USNM 

Chaparral 

Common 

Resident 

USNM 

Pine-fir,   ponderosa  pine, 

chaparral 

Rare 

Residejit 

USNM 

Chaparral 

Rare 

Resident 

USNM 

Chaparral 

Common  Resident  USNM 

Common  Resident  USNM 


Pine-fir,   ponderosa  pine,    chaparral 
Chaparral 


American  vultures  (Cathartidae) 
Turkey  vulture 
CdthaXtZi   auACL    (Linnaeus) 

Hawks,   old-world  vultures,   and  harriers  (Accipitridae) 
Goshawk 
^CC^p-iteA  gtntctti    (Linnaeus) 

Sharp -shinned  hawk 
AccipiteA  itJuaXiu   Vieillot 

Cooper's  hawk 
AccipiteA  coopzAAA.  (Bonaparte) 

Red-tailed  hawk 
Boteo  jtmUce.nil6  (Gmelin) 

Swainson's  hawk 
Su/teo  MiicU-niomi  Bonaparte 

Zone -tailed  hawk 
Butto  tUbonotaiui    Kaup 

Golden  eagle 
AqitiZa  cfviyiattoi  (Linnaeus) 

Bald  eagle 
HatiazeXui  taicoce.phatiu   (Linnaeus) 

Caracaras  and  falcons  (Falconidae) 
Peregrine  falcon 
Fo^CO  peA«.g>uj/iuJ>  Tunstall 

Sparrow  hawk 
Fdtco  ipoAvVuM  Linnaeus 

Quails,   pheasants,   and  peacocks  (Phasianidae) 
Gambel's  quail 
lophoxtyx  gambeZLi  Gambel 

Harlequin  quail 
CyiXoniix  monXtzumz  (Vigors) 

Turkeys  (Meleagridioae) 
Turkey 
Ife/eagA^   gattopavo   Linnaeus 

Pigeons  and  doves  (Columbidae) 
Band-tailed  pigeon 
Cotwrba  ^Oiciata  Say 

White -winged  dove 
ZencUda  Oi-avtica  (Linnaeus) 

Mourning  dove 
ZiiuLidwia  macAotxAa  (Linnaeus) 


Common 

Summer 
resident 

Sight 

ae) 

Transient 

Rare 

Sight 

Rare 

Summer 
resident 

Sight 

Rare 

Summer 
resident 

Sight 

Common 

Resident 

Sight 

Rare 

Transient 

Sight 

Rare 

Summer 
resident 

Sight 

Rare 

Transient 

Sight 

Rare 

Transient 

Sight 

Rare 
Rare 

Common 
Rare 


Transient  Sight 

Transient  Sight 

Resident  Sight 

Resident  Sight 


Common  Resident  Sight 


Common 

Summer 
resident 

Sight 

Rare 

Summer 
resident 

Sight 

Rare 

Summer 
resident 

Sight 

Pine-fir,   ponderosa  pine,    chaparral, 
desert  grassland;  nests  in  rocky  cliffs 

Pine-fir,   ponderosa  pine 

Nests  in  pine-fir,   mainly  deep  forest 

Nests  in  oak-sycamore -walnut  riparian 

Breeds  in  pine-fir,   ponderosa  pine,    chapar- 
ral,  and  desert  grassland,    in  open  situations  I 

Pine-fir,    ponderosa  pine 

Breeds  in  pine-fir  and  ponderosa  pine 
in  alder -maple  riparian 


Chaparral  and  desert  grassland 
Chaparral;  (not  recorded  in  recent  years) 


Nests  in  pine -fir  and  ponderosa  pine; 
winters  in  chaparral 

Pine-fir  and  ponderosa  pine;  nests  low 
in  pine  trees 

Desert  grassland 

Breeds  in  pine-fir,   ponderosa  pine, 
chaparral,   and  desert  grassland 
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CHECKLIST      OF      VERTEBRATES     AND     HABITAT      RELATIONS 

(continued) 


Comnnon  and  scientific  names 


Relative 
abundance 


Resident 
status 


Location  of 
museum 
collection 


Additional  notes 


Cuckoos,    roadrunners,   and  anis  (Cuculidae) 
Roadrunner 
GzococcijK  catiiofiyvLaniUi  (Lesson) 

Typical  owls  (Strigidae) 
Screech  owl 
Otai    ai-io  (Linnaeus) 

Flammulated  owl 
Otui   itamiotui   (Kaup) 

Great  horned  owl 
Bubo  viAg-irtianiu  (Gmelin) 

Pygmy  owl 
GULacXdium  gnoma  Wagler 


Elf  owl 
yUcAothznz  MiUtnziii.  (Cooper) 


Spotted  owl 
SVUx  occUdzntatU    (Xantus) 

Goatsuckers  (Caprimulgidae) 
Whip -poor  -will 
Cap>UmutciLii   vocUiziui    Wilson 

Poor  -will 
PhaZaznoriillai   nattattU    (Audubon) 

Common  nighthawk 
Cho>ideA.lZi  minoK  (For star) 

Lesser  nighthawk 
CholdeAj Zi   cizwtipznvuj,    (Hermann) 

Swifts   (Apodidae) 
White -throated  swift 
^ZKonawtz^s  daxaXalAji,    (Woodhouse) 

Hummingbirds  (Trochilidae) 
Black-chinned  hxammingbird 
KtzkiJiozhuJi   aZzxand/U.    (Bourcier  and  Mulsant) 


Broad-tailed  hummingbird 
Sztoipholui   platiiczAcui  (Swainson) 

Rufous  hummingbird 
SzZoiphonui   /luilli   (Gmelin) 

Calliope  hummingbird 
Stzttata  zaJUUopz  (Gould) 

Rivoli's  hummingbird 
Eugenei    iatgziu    (Swainson) 

Woodpeckers  and  wrynecks   (Picidae) 
Red-shafted  flicker 
ColaptZ6   caizt  (Gmelin) 


Acorn  woodpecker 
MeMinzApzi    iJo-tmiciuoioi    (Swainson) 

Lewis'  woodpecker 
ktmdzimum,  te^i^    (Gray) 

Yellow-bellied  sapsucker 
SphijhApicjai   vaAA.ui    (Linnaeus) 

Hairy  woodpecker 
VzndlocopM  viZtoiUi  (Linnaeus) 

Downy  woodpecker 
VzndA.ocopo6  pabziczni  (Linnaeus) 

Ladder -backed  woodpecker 
VzndKocopoi  icalbVUM    Wagler 


Rare  Resident  Sight 


Common 

Summer 
resident 

JSW 

Common 

Summer 
resident 

JSW 

Rare 

Resident 

Sight 

Rare 

Resident 

Sight 

Rare 


Rare 


Common 


Common 

Rare 

Common 

Rare 

Common 

Rare 


Resident  JSW 


Resident  Sight 


Common 

Summer 
resident 

Sight 

Common 

Summer 
resident 

JSW 

Rare 

Transient 

Sight 

Rare 

Resident 

Sight 

Summer  Sight 

resident 


Common 

Summer 
resident 

JSW 

Common 

Sumnner 
resident 

JSW 

Common 

Fall 
transient 

JSW 

Rare 

Fall 
transient 

JSW 

Rare 

Transient 

Sight 

Common  Resident  Sight 


Resident  Sight 

Spring  and       Sight 
fall  transient 

Spring  and       Sight 
fall  transient 

Resident  JSW 

Resident  JSW 

Resident  Sight 


Chaparral  and  desert  grassland;  nests 
low  in  shrubs  and  cacti 


Breeds  in  oak-sycamore  riparian; 
nests  low  to  midway  in  tall  trees 

Breeds  in  pine-fir  and  ponderosa  pine; 
prefers  concealment  in  large  trees 

Pine-fir,   ponderosa  pine ,    chaparral, 
and  desert  grassland 

Pine-fir  and  ponderosa  pine  in  alder- 
maple  riparian;  prefers  diurnal  and 
nocturnal  concealment  in  thick  foliage 

Chaparral  in  oak-sycamore  riparian; 
prefers  to  perch  low  to  midway  in  small 
to  medium-sized  trees 

Pine-fir  and  ponderosa  pine;  prefers 
edges  of  natural  openings 

Pine-fir  and  ponderosa  pine;  prefers 
natural  openings  and  adjacent  forest  edges 

Openings  in  chaparral;  rests  on  ground 

Pine-fir  and  ponderosa  pine 

Desert  grassland;  rests  on  ground  and 
forages  in  the  air 

Breeds  in  rocky  cliffs  in  chaparral  and 
desert  grassland;  forages  in  the  air 


Chaparral  in  oak-sycamore  riparian;  pre- 
fers to  perch  in  low  trees  and  shrubs; 
forages  over  flowers 

Pine-fir  and  ponderosa  pine  where  red 
or  pinkish  flowers  grow 

Pine-fir  and  ponderosa  pine;  prefers  to 
forage  in  clearings  and  natural  openings 

Pine -fir  around  natural  openings 


Pine-fir 


Summers  in  pine -fir  and  ponderosa  pine; 
winters  in  chaparral  and  desert  grass- 
land; forages  in  any  large  trees 

Pine-fir  and  ponderosa  pine;  feeds  high 
in  conifers 

Pine-fir 


Pine -fir  and  ponderosa  pine;  feeds  low  to 
midway  in  deciduous  trees 

Pine-fir;  feeds  midway  to  high  in  most 
trees 

Breeds  in  pine-fir  in  alder-maple  riparian; 
feeds  low  to  midway  in  most  trees 

Desert  grassland  in  oak-sycamore  riparian; 
feeds  low  in  shrubs,   agaves,   and  trees 
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CHECKLIST     OF     VERTEBRATES     AND     HABITAT     RELATIONS 
(continued) 


Common  and  scientific  names 


Tyrant  flycatchers  (Tyrannidae) 
Western  kingbird 
TillOAnui  vtAXxcatii  Say 

Cassin'B  kingbird 
Tyiutnnui  vocUieAOiU,  Swainson 

Ash-throated  flycatcher 
iUjioAcMiU   cine-IMCtni  (Lawrence) 


Black  phoebe 
Saycuiii  lUgliaini   (Swainson) 


Say's  phoebe 
Satl0>uUi  ioija  (Bonaparte) 


Dusky  flycatcher 
Empidonax  obeAhotiZA^    Phillips 

Western  flycatcher 
Empidonax  diiiioitii   Baird 


Coues'  flycatcher 
Contopui  pVuUnax  Cabanis  and  Heine 

Western  wood  pewee 
CorUofXU  iOlxUdului    Sclater 


Olive-sided  flycatcher 

UuXtcMonnJJ,  boltatu  (Swainson) 
Swallows  (Hirundinidae) 
Violet-green  swallow 

Tachy<Unttti  thaZai6ina  (Swainson) 

Cliff  swallow 
PeXAodittidon  piiiAhonota  (Vieillot) 

Purple  martin 

P/logne  iu.b.ii  (Linnaeus) 

Jays,    magpies,   and  crows  (Corvidae) 
Steller's  jay 
Cyanocltta.  itttteAU.  (Gmelin) 

Scrub  jay 
Aphfctocoma  coeAittWceni  (Bosc) 

Mexican  (Ultramarine)  jay 
Aphe^ocoim  atOiar'ti'u.na   (Bonaparte) 


Common  raven 
ColvvLA   COlax     Linnaeus 

Common  crow 
Coivui  bnacMyihimchoi  Brehm 

Titmice,    verdins,   and  bushtits  (Paridae) 
Mountain  chickadee 
PoAoi  gcanbeJU    Ridgway 

Plain  titmouse 
PoAUi  inO'uxiUuA   Gambel 

Bridled  titmouse 
PoAuA  wottoeba'u.    (Bonaparte) 

Verdin 
AunU-poMUi   ilavlcipi  (Sundevall) 

Common  bu«htit 
PiaZVUpaJmi  maUrui    (Towns end) 


Relative 
abundance 


Resident    : 
status       : 


Location  of 
museum 
collection 


Rare 

Summer 
resident 

JSW 

Rare 

Summer 
resident 

JSW 

Common 

Summer 
resident 

JSW 

Rare 


Rare 


Resident  Sight 


Summer 
resident 


Sight 


Rare 

Fall 
transient 

JSW 

Rare 

Summer 
resident 

Sight 

Rare 

Summer 
resident 

Sight 

Common 

Summer 
resident 

JSW 

Rare 

Summier 
resident 

JSW 

Common 

Summer 
resident 

Sight 

Rare 

Transient 

Sight 

Rare 

Transient 

Sight 

Abundant  Resident  Sight 

Common  Resident  JSW 

Common  Resident  JSW 

Common  Resident  Sight 

Rare  Transient  Sight 

Abundant  Resident  JSW 

Rare  Resident  JSW 

Common  Resident  Sight 

Rare  Resident  Sight 

Common  Resident  Sight 


Additional  notes 


Breeds  in  chaparral  in  oak-sycamore  ri- 
parian; prefers  to  perch  high  in  trees 

Breeds  in  chaparral  in  oak-sycamore  ri- 
parian; perches  midway  to  high  in  trees 

Breeds  in  chaparral  and  desert  grassland 
in  oak -sycamore  riparian;  feeds  from  low 
to  midway  in  trees 

Ponderosa  pine  in  oak-sycamore  riparian, 
and  desert  grassland;  feeds  from  low  brush 
over  streams 

Open  sites  in  ponderosa  pine,    chaparral, 
and  desert  grassland  near  habitations; 
feeds  from  perch  low  to  midway  in  brush 
and  trees 

Pine-fir  and  ponderosa  pine;  feeds  about 
midway  in  low  trees 

Breeds  in  pine-fir  and  ponderosa  pine  in 
alder -maple  riparian;  feeds  from  midway 
to  high  in  trees 

Breeds  in  pine-fir  and  ponderosa  pine; 
feeds  high  in  conifers 

Pine-fir  and  ponderosa  pine  in  oak-sycamore 
and  alder -maple  riparian,   and  in  edges  of 
forest  clearings;  feeds  low  to  midway  in  treei 

Pine-fir  and  ponderosa  pine;  feeds  midway 
to  high  in  conifers 

Pine-fir  and  ponderosa  pine;  forages  in 
clearings,  nests  in  sycamores 

Pine -fir  and  ponderosa  pine 
Pine-fir  and  ponderosa  pine 


Pine-fir  and  ponderosa  pine  in  summer; 

winters  in  chaparral 

Chaparral;  feeds  in  low  trees  and  bushes 

Ponderosa  pine  in  oak-sycamore  and  alder- 
maple  riparian;  feeds  on  ground  and  low  in 
trees 

Pine-fir,   ponderosa  pine,    chaparral,    and 
desert  grassland 
Pine -fir  and  ponderosa  pine 


Pine-fir  and  ponderosa  pine;  feeds  through- 
out bushes  and  trees 

Chaparral;  feeds  throughout  low  trees  and 
shrubs 

Sycamore-walnut  riparian;  feeds  low  to 
nnidway  in  trees 

Desert  grassland;  feeds  in  low  trees  and 
shrubs 
Chaparral;  feeds  in  low  trees  and  shrubs 
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CHECKLIST  OF  VERTEBRATES  AND  HABITAT 

(continued) 


RELATIONS 


Common  and  scientific  names 


Relative 
abundance 


Resident 
status 


Location  of 
rnuseum 
collection 


Additional  notes 


Nuthatches  (Sittidae) 

White-breasted  nuthatch  Comnnon 

Sitta  coAot-imni-ii    Latham 


Red-breasted  nuthatch 
SiXtA  canadzniiji   Linnaeus 

Pygmy  nuthatch 
Sttta  pijamie.a    Vigors 

Creepers  (Certhiidae) 
Brown  creeper 
CeAtiUa  (,ar>v,ti(VU-i     Linnaeus 

Wrens  (Troglodytidae) 
House  wren 
TlOQlodijtzi  aerioti  Vieillot 

Bewick's  wren 
Thnjjomanzi   bewJ-dz^  (Audubon) 

Canyon  wren 
CathMpti  mzKicaniii    (Swainson) 

Rock  wren 
Salpinctzi  obiotttui  (Say) 

Mockingbirds  and  thrashers   (Mimidae) 
Mockingbird 
'UmLi   potilCfZottoi  (Linnaeus) 

Thrushes,    solitaires,    and  bluebirds   (Turdidae) 
Robin 
TuAdwi  miQiaXo'U.uui    Linnaeus 


Hermit  thrush  Common 

HijtocUchZa  guttata.  (Pallas) 

Western  bluebird  Common 

Si.aJLia  muxXcMia    Swainson 

Townsend's  solitaire  Common 

K{yadi^te.i  tmomiLnd-i   (Audubon) 

Old-world  warblers,    gnatcatchers,    and  kinglets   (Sylviidae) 


Resident 


JSW 


Rare 

Summer 
resident 

JSW 

Abundant 

Summer 
resident 

Sight 

Common 

Summer 
resident 

Sight 

Common 

Summer 
resident 

Sight 

Common 

Summer 
resident 

Sight 

Common 

Resident 

Sight 

Cominon 

Summer 
resident 

Sight 

Rare 

Summer 
resident 

Sight 

Connmon 

Resident 

Sight 

Blue -gray  gnatcatcher 
Potioptoia  caeAutza    (Linnaeus) 

Ruby-crowned  kinglet 
RtguZui   aile.nduZa  (Linnaeus) 

Wagtails  and  pipits   (Motacillidae) 
Water  pipit 
Anihui  ipinoteXta  (Linnaeus) 

Waxwings  (Bombycillidae) 
Cedar  waxwing 
BombycWta  cedto.tuni  Vieillot 

Silky  flycatchers  (Ptilogonatidae) 
Phainopepla 
Phcu.nope.pia  njuttrub    (Swainson) 

Shrikes  (Laniidae) 
Loggerhead  shrike 
Latu.M,  (jxdovicA.anui    Linnaeus 

Vireos  (Vireonidae) 
Hutton's  vireo 
VViio  hattorU  Cass  in 


Gray  vireo 
V-Oizo  vicA.ru.OK   Coues 


Common 
Common 

Rare 

Rare 

Rare 

Rare 

Common 

Connmon 


Sumnner  JSW 

resident 


Summer 
resident 


Sight 


Spring  and        JSW 
fall  transient 


Summer  Sight 

resident 

Winter  JSW 

visitor 


Spring  and        JSW 
fall  transient 


Fall  Sight 

transient 

Resident  Sight 


Sunnmer 
resident 


Summer 
resident 


Summer 
resident 


Sight 


JSW 


JSW 


Pine-fir  and  ponderosa  pine  in  oak-sycannore 
and  alder-maple  riparian;  feeds  low  to  mid- 
way in  trees 

Pine-fir;  feeds  in  tops  of  tall  conifers 


Pine-fir  and  ponderosa  pine;  feeds  through- 
out conifers 


Pine-fir;  feeds  throughout  conifers 


Pine -fir  around  openings  and  clearings; 
feeds  in  underbrush  and  brush  piles 

Chaparral  in  oak-sycamore  riparian; 
feeds  in  underbrush  and  brush  piles 

Ponderosa  pine,    chaparral,    and  desert 
grassland  around  canyon  walls  and  cliffs 

Chaparral  and  desert  grassland  around 
rocky  hillsides 

Chaparral  and  desert  grassland 


Pine-fir  and  ponderosa  pine  in  oak-syca- 
more and  alder-maple  riparian,    and 
forest  openings 

Pine-fir;  forages  on  ground  and  low  m 
trees  and  shrubs 

Pine-fir  and  ponderosa  pine  forests;  feeds 
on  insects  from  high  in  trees  near  openings 

Ponderosa  pine  and  chaparral 


Chaparral;  feeds  from  low  to  midway  in 
low  trees 

Pine-fir,  ponderosa  pine,    and  chaparral; 
feeds  throughout  trees  and  shrubs 


Pine-fir;  feeds  around  forest  openings 


Chaparral 


Desert  grassland;  feeds  in  the  top  of  low 
trees  and  shrubs 

Chaparral  and  desert  grassland 


Ponderosa  pine  in  oak-sycamore-walnut 
and  alder-maple  riparian;  feeds  through- 
out deciduous  trees 

Chaparral,   commonly  in  pinyon  trees; 
feeds  throughout  low  trees 
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CHECKLIST     OF     VERTEBRATES     AND     HABITAT     RELATIONS 

(continued) 


Common  and  scientific  names 


:     Relative 
.    abundance 

Resident 
status 

Location  of 
museum 
collection 

Common 

Summer 
resident 

JSW 

Common 

Summer 
resident 

Sight 

Common 

Spring  and       Sight 

fall  transient 

Common 

Summer 
resident 

JSW 

Rare 

Summer 
resident 

JSW 

Rare 

Sunimer 
resident 

Sight 

Common 

Spring  and       Sight 

fall  transient 

Common 

Summer 
resident 

JSW 

Common 

Spring  and       JSW 

fall  transient 

Common 

Fall 
transient 

JSW 

Common 

Summer 
resident 

JSW 

Common 

Fall 
transient 

JSW 

Common 

Summer 
resident 

JSW 

Common 

Spring  and       Sight 

fall  trans 

lent 

Common 

Summer 
resident 

JSW 

Additional  notes 


Solitary  vireo 
ViAe.0  iotUoAMii  (Wilson) 

Warbling  vireo 
VVlZO  gilvui    (Vieillot) 

Wood  warblers  (Parulidae) 
Orange-crowned  warbler 
Vz'univola  cciAta  (Say) 

Virginia's  warbler 
Vwnivoia.  MiAa-in-iae.  (Baird) 

Lucy's  warbler 
Vtlunivona  tuciae.    (Cooper) 

Olive  warbler 
Peucedl/wioi   tattviatiii    (Du  Bus) 

Audubon's  warbler 
Vendloica  auduborU.   (Townsend) 

Black-throated  gray  warbler 
Oendto-tM  n-ialZiceMi    (Townsend) 


Townsend's  warbler 
Vtndloica  toiimtndi  (Townsend) 

Hermit  warbler 
VejndAoias.  occi.dtnXjaJUj>     (Townsend) 

Grace's  warbler 
VzndAJ)4.ca  giacXat   Baird 

MacGillivray's  warbler 
Opolol/uU  tob>u.«yL  (Townsend) 

Red-faced  warbler 
CoAdtltina  lubliinoni    (Giraud) 

Wilson's  warbler 
UiZiorUa  paiitta   (Wilson) 


Painted  redstart 
SeXophaga  plciA   Swainson 


Meadowlarks,   blackbirds,   and  orioles  (Icteridae) 
Hooded  oriole 

IcXzAui    CUCuttatui   Swainson 

Scott's  oriole 

lateAui  paAjiionujr    Bonaparte 

Brewer's  blackbird 
Eupdopui   ajanoctolicUui   (Wagler) 

Brown-headed  cowbird 
^folothniu  ottA.    Boddaert 

Tanagers  (Thraupidae) 
Western  tanager 
ViAjcmga  tudov-iciana  (Wilson) 

Hepatic  tanager 
PiAonga  ilava  (Vieillot) 


Grosbeaks,   finches,    sparrows,   and  buntings  (Fringillidae) 
Cardinal 
Zidvnondejia  avuUnatU   (Linnaeus) 

Black-headed  grosbeak 
Vheatticiu  rmtanoaphatui   (Swainson) 


Rare 

Sumnner 
resident 

Sight 

Common 

Suminer 
resident 

JSW 

Rare 

Spring  and 
fall  transient 

Sight 

Rare 

Summer 
resident 

Sight 

Common 

Summer 
resident 

JSW 

Common 

Summer 
resident 

JSW 

Rare 

Summer 
resident 

Sight 

Common 

Summer 
resident 

Sight 

Breeds  in  pine-fir  and  ponderosa  pine; 
feeds  from  midway  to  tops  of  trees 

Pine -fir  and  ponderosa  pine 


Pine-fir;  feeds  from  low  to  high  in  shrubs 
and  trees 

Nests  in  pine-fir  and  ponderosa  pine 

Ponderosa  pine  in  oak-sycamore  riparian 

Breeds  in  pine-fir 

Pine-fir,   ponderosa  pine,    chaparral,   and 
desert  grassland 

Ponderosa  pine  in  oak-sycamore  riparian; 
feeds  from  low  to  midway  in  shrubs  and 
trees 

Pine  -fir 
Pine-fir 


Ponderosa  pine,   usually  found  near 
middle  or  top  of  the  conifers 

Pine-fir;  feeds  in  shrubs  around  forest 
openings 

Pine-fir  in  alder-maple  riparian;  feeds 
throughout  conifers 

Pine-fir  and  ponderosa  pine  in  alder- 
maple  and  oak-sycamore-maple  riparian, 
and  near  edges  of  forest  openings 

Pine-fir  and  ponderosa  pine  in  oak-syca- 
more and  alder-maple  riparian;  feeds  in 
low  trees  and  underbrush 

Ponderosa  pine  and  chaparral  in  oak- 
sycannore  riparian 

Chaparral  and  desert  grassland  wherever 
yuccas  occur 

Pine-fir  in  natural  openings 

Pine-fir,   ponderosa  pine,    and  chaparral 
in  oak -sycamore  riparian 

Pine-fir;  feeds  midway  to  high  in  trees 

Pine-fir  and  ponderosa  pine;  feeds  in 
lower  levels  of  medium-sized  pines  and 
Gambel  oaks 


Chaparral  and  desert  grassland 

Pine-fir,   ponderosa  pine,   and  Gambel 
oak 
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CHECKLIST      OF 


Common  and  scientific  names 


VERTEBRATES     AND     HABITAT      RELATIONS 
(continued) 


Relative 
abundance 


Resident 
status 


Location  of 
museum 
collection 


Additional  notes 


Blue  grosbeak 
GlUAaca  caeJlutta   (Linnaeus) 

Indigo  bunting 
PoiieA^na  cyanza    (Linnaeus) 

Lazuli  bunting 
?ai6eAA.na  amotna  (Say) 

Evening  grosbeak 
HdipejLLphona  ve^peAZina    (Cooper) 

Cassin's  finch 
CaJipodacui   cai6iiiti    Baird 

House  finch 
CoApodacui  mex-ccana4    (Muller) 

Pine  siskin 
Spj.nai   pinai    (Wilson) 

Lesser  goldfinch 
Spinai  piaJtXfUa   (Say) 

Red  crossbill 

LoKia  cuHv-OiOiXAa    Linnaeus 

Green-tailed  towhee 

ChloiuAa  chlomuia    (Audubon) 

Rufous -sided  towhee 

?lp.Uio  fujihA-ophthcUmui  (Linnaeus) 

Brown  towhee 

Pip^^o  ^UiCW   Swainson 

Black-throated  sparrow 
tmpkiipj.za  bitine.cUa   (Cassin) 

Slate-colored  junco 

JimCO   hyanatii     (Linnaeus) 

Chipping  sparrow 
Spizztta  peuseAina  (Bechstein) 

Black-chinned  sparrow 
SplzeX-ta  aXAogaloAAj,  (Cabanis) 

White-crowned  sparrow 
lonotAidfUJt  tiucoph^iji  (Forster) 

MAMMALS: 


Rare 

Rare 

ComiTion 

Rare 

Rare 

Common 

Common 

Common 

Rare 

Common 

Common 

Common 

Common 

Connmon 

Common 

Common 

Common 


Summer 
resident 

Summer 
resident 

Summer 
resident 

Summer 
resident 

Transient 


Resident 


Winter 
visitor 

Sunnmer 
resident 

Summer 
resident 

Summer 
resident 

Summer 
resident 

Resident 


Summer 
resident 

Winter 
visitor 

Summer 
resident 

Summer 
resident 


Sight 

JSW 

Sight 

JSW 

JSW 

Sight 

Sight 

JSW 

JSW 

JSW 

Sight 

JSW 

JSW 

JSW 

JSW 

JSW 


Spring  and        Sight 
fall  transient 


Ponderosa  pine  in  oak-sycamore  riparian 

Pine-fir  and  ponderosa  pine  forests  in 
shrubs  around  forest  openings 

Pine-fir  and  ponderosa  pine  in  shrubs  in  and 
around  forest  openings 

Pine-fir  forest  near  forest  openings 

Pine-fir  and  ponderosa  pine;  usually  ob- 
served midway  to  high  in  trees 

Chaparral  and  desert  grassland 

Pine-fir  forests  in  and  around  forest 
openings 

Pine-fir  and  ponderosa  pine  in  oak- 
sycamore  and  alder-maple  riparian 

Pine-fir  near  forest  openings;  feeds 
throughout  conifers 

Pine-fir,    ponderosa  pine,    and 
chaparral 

Pine-fir,   ponderosa  pine,    and  chapar- 
ral where  there  is  dense  undergrowth 

Chaparral  and  desert  grassland;  feeds 
on  ground  and  in  low  shrubs 

Desert  grassland  where  choUa  are 
present 

Pine-fir,    ponderosa  pine ,    and 
chaparral 

Pine-fir  and  ponderosa  pine,    usually 
found  around  forest  openings 

Chaparral  in  dense  cover 

Pine-fir,   ponderosa  pine,    chaparral, 
and  desert  grassland 


Bats  (Chiroptera) 
Northern  brown  bat 
Myotti   ktejiu.   (Merriam) 

California  brown  bat 
UyotAJi   CJlJtA.ioiiu.<M6  (Audubon  and  Bachman) 

Masked  brown  bat 
Hi/otcA  iubataXu6  (Say) 

Western  pipistrelle 
Pip.i6tA.&Ztui   he/>peAu6    (Allen) 

Big  brown  bat 
Epitiicui    ijOAClLi    (Beauvois) 

Pallid  bat 
AntJiozoui  paZtidiUi    (Le  Conte) 

Mexican  freetail  bat 
TadaJiida  mexXcana.  (Saussure) 

Rabbits  (Lagonnorpha) 
Eastern  cottontail 
SyhiWiQun,   itoihidaniu,  (Allen) 


Rare 

Common 

Common 

Common 

Rare 

Rare 

Common 

Connmon 


Resident  UA 

Resident  UA 

Resident  UA 

Resident  UA 

Resident  UA 

Resident  UA 

Summer  JSW 
resident 

Resident  UA 


Pine-fir,    ponderosa  pine,    chaparral, 
and  desert  grassland  around  rocky  cliffs 

Chaparral  and  desert  grassland  around 
rocky  cliffs 

Chaparral  and  desert  grassland  around 
rocky  cliffs 

Chaparral  and  desert  grassland  around 
rocky  cliffs 

Chaparral  and  desert  grassland  around 
rocky  cliffs 

Pine-fir,   ponderosa  pine,   and  desert 
grassland  around  rocky  cliffs 

Chaparral  around  rocky  cliffs 


Pine-fir,    ponderosa  pine,    and  chaparral 
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CHECKLIST     OF     VERTEBRATES     AND     HABITAT     RELATIONS 

(continued) 


Common  and  scientific  names 


Relative 
abundance 


Resident 
status 


Location  of 
museum 
collection 


Additional  notes 


Rodents  (Rodentia) 
Tassel-eared  squirrel 
SCAUAui  abeAd  Woodhouse 

Arizona  gray  squirrel 
SciuAu6  ivUzoneni-ii  Coues 

Rock  squirrel 
aXtUbib  vcuU&aeUuA  (Erxleben) 

Cliff  chipmunk 
Butrnnidi  do/Liotii  (Baird) 

Valley  pocket  gopher 
Thomomi/i    bottae.   (Eydoux  and  Gervais) 

Desert  harvest  mouse 
KeUXhtodorUomM  mzaatotii  (Baird) 

Deer  mouse 
PzAomtjiCUA  mcuUcuJtxitui  (Wagner) 

Brush  mouse 
PiAomyicui   bouleX   (Baird) 


White-throated  packrat 
Ntotoira  aZbiqut/i  Hartley 

Mexican  packrat 
Htotorra  mtxA-CMna    Baird 

Mexican  vole 
lUoto-ttti  rmxA.canuJ>    (Saussure) 

Porcupine 
tAtXhJ.Zon  dolicutum   (Linnaeus) 

Flesh-eaters  (Carnivora) 
Coyote 
Can-ii  laiAxuii  Say 

Gray  fox 
UAocyon  oimmocuigtrvteiii  (Schreber) 

Black  bear 
U>uui  camAicanui  Pallas 

Ringtail 
BaiiO/U^CLLi,  mtu-tai  (Lichtenstein) 

Raccoon 
PJWCyon  lotOK    (Linnaeus) 

Common  striped  skunk 
Mepditui  PV.phltii    (Schreber) 

Western  rooter  skunk 
Compatui  meJ>ole.u.CM6  (Lichtenstein) 

Mountain  lion 
fiLii   concotol    Linnaeus 

Bobcat 
Lynx  nuiuA  (Schreber) 

Even-toed  ungulates  (Artiodactyla) 
Collared  peccary 
Taycuia  tajacu   (Linnaeus) 

Elk 
CeJivai  canadiiuli    Erxleben 

Whitetail  deer 
Odoco.iteui  viAiginianuJi   (Zinnmermann) 

Mule  deer 
OdoasiXzui  kemionULti   (Rafinesque) 


Comnnon 

Resident 

UA 

Rare 

Resident 

MVZ 
UA 

Common 

Resident 

USNM 
MVZ 

Common 

Resident 

USNM 
MVZ 

Common 

Resident 

UA 

Comnnon 

Resident 

MVZ 
UA 

Common 

Resident 

UA 

Abundant 

Resident 

USNM 

MVZ 

UA 

Comnnon 

Resident 

USNM 
MVZ 

Common 

Resident 

MVZ 
UA 

Rare 

Resident 

MVZ 

Rare 

Resident 

Sight 

Rare 

Rare 

Comnnon 

Rare 

Rare 

Comnnon 

Rare 

Rare 

Rare 


Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 

Resident  Sight 


Comnnon 

Resident 

Sight 

Rare 

Resident 

Sight 

Common 

Resident 

Sight 

Rare 

Resident 

Sight 

Pine-fir  and  ponderosa  pine 

Ponderosa  pine  and  chaparral  in  oak- 
sycamore  riparian 

Pine-fir,   ponderosa  pine,    chaparral,    and 
desert  grassland  in  rocky  terrain 

Pine-fir,    ponderosa  pine,    chaparral,    and 
desert  grassland  around  cliffs  and  logs 

Pine-fir  and  ponderosa  pine  in  forest 
openings 

Pine-fir  and  ponderosa  pine  in  natural 
openings 

Pine-fir  and  ponderosa  pine  in  forest 
openings 

Pine-fir,   ponderosa  pine,    and  chaparral 


Favorite  habitat  in  chaparral 

Pine-fi^r  and  ponderosa  pine 

Pine-fir  and  ponderosa  pine  in  natural 
openings  of  dense  grass 

Pine -fir  and  ponderosa  pine 

Pine-fir,   ponderosa  pine,    chaparral,   and 
desert  grassland 

Pine-fir,   ponderosa  pine,    chaparral,    and 
desert  grassland 

Pine-fir,   p^nderosa  pine,    and  chaparral 

Chaparral  and  desert  grassland 

Pine-fir  and  ponderosa  pine  in  alder-mapl 
and  oak-sycamore  riparian 

Ponderosa  pine  and  chaparral 

Chaparral 

Pine-fir  and  ponderosa  pine 

Pine-fir,   ponderosa  pine,    chaparral,    and 
desert  grassland 

Chaparral  and  desert  grassland 

Pine-fir  and  ponderosa  pine 

Pine-fir,   ponderosa  pine,    and  chaparral 

Pine -fir  and  ponderosa  pine 
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ABOUT  THE  COVER: 

Timberline  vegetation  and  rugged  mountain  peaks  attract  visitors 
to  the  Mirror  Lake  campground  in  the  Snowy  Range,  Medicine 
Bow  National  Forest,  Wyoming. 


U.  S.  Forest  Service  Research  Paper  RM-5  April  1964 


SUMMER  RECREATIONAL  USE   OF 
SELECTED  NATIONAL  FOREST  CAMPGROUNDS  IN 
THE   CENTRAL  ROCKY  MOUNTAINS 


by 
L.  D.  Love,  Research  Forester 

Rocky  Mountain  Forest  and  Range  Experiment  Station^ 


^  Central  headquarters  maintained  in  cooperation  with  Colorado  State 
University  at  Fort  Collins. 


Summer  Recreational  Use  of 


Selected  National  Forest  Campgrounds 


in  the  Central  Rocky  Mountains 


by 

L.  D.  Love 


SUMMARY 

From  mid-June  to  mid-September  1962,  12 
selected  campgrounds  were  observed  in  the 
National  Forests  of  Arizona,  New  Mexico, 
Colorado,  Wyoming,  and  South  Dakota,  The 
purpose  of  the  study  was  to  establish  patterns 
of  recreational  use  in  order  to  guide  future 
development  and  management. 

Highlights  are: 

1.  In-State  parties  visiting  the  12  camp- 
grounds were  more  numerous  than  out- 
State.  Camping  parties  slightly  outnum- 
bered day-use  parties. 

2.  About  10  percent  of  the  total  vehicles  were 
campers  (pickup  with  camper-back  or 
other  sleep-in  vehicle).  The  use  of  tents 
for  camping  exceeded  travel  trailers  by  a 
ratio  of  1.5  to  1.  The  average  number  of 
visitors  per  party  (4.8)  was  greater  than 
the  average  number  of  visitors  per  vehicle 
(3.9)  because  frequently  two  or  more  ve- 
hicles were  used  by  a  single  party.  Camp- 
ing visitors  per  party  and  per  vehicle  were 
less  than  day-use  visitors  per  party  and 
vehicle. 

3.  The  young  adult  (21-39  years)  and  children 
(13  years  or  less)  were  the  dominant  visi- 


tors. Next  in  importance  was  the  middle- 
aged  adult  (40-59  years)  followed  by  the 
teenager  (14-20  years).  The  older  adult 
(60+  years)  was  the  most  infrequent  visitor. 

4.  Most  visitor-hour  use  was  attributed  to 
camping.  In  general,  about  10  percent  of 
the  total  visitor-hour  use  was  the  result  of 
day-use. 

5.  People  who  camped  stayed  an  average  of 
27.35  hours  per  visitor.  Day-users  stayed 
an  average  of  2.35  hours  per  visitor. 

6.  Family  units  were  not  used  uniformly. 
Day-use  of  all  units  averaged  less  than  6 
hours  per  visitor  per  day.  Unit  use  varied 
as  follows: 


Daily  use  per 

camping  visitor 

Units 

used 

(Hours) 

(Number) 

(Perce 

0-6 

308 

60 

7-12 

123 

24 

13-18 

33 

6 

19-24 

50 

10 

Total 


514 


100 


In  general,  the  average  daily  use  per  visi- 
tor   at  each  family  unit  for  both  camping 


and  day-use  was  6  hours  the  first  period 
(mid-June  to  end  of  July)  and  7  hours  the 
second  (August  to  mid-September).  When 
contrasted  to  the  possible  total  daily  use, 
units  were  actually  in  use  about  27  percent 
of  the  time. 

8.  Total  hours  of  daily  use  per  visitor  at  each 
family  unit  appeared  to  be  associated  with 
the  distance  certain  facilities  are  from  the 
units  as  follows: 

a.  Units  between  50  and  200  feet  from 
toilets  were  used  more  than  those  with- 
in 50  feet  or  over  200  feet. 

b.  Units  within  150  feet  of  drinking  water 
were  used  more  than  those  over  150 
feet. 

c.  Units  over  100  feet  apart  were  used 
more  than  those  closer  together. 

d.  Units  between  50  and  200  feet  from  a 
fishing  point  were  used  more  than  those 
within  50  feet  or  over  200  feet. 

e.  Units  with  a  clearing  of  over  10  feet  in 
radius  from  the  fire  grate  were  used 
more  than  those  with  less. 

9.  In  the  first  period,  17  percent  of  the  total 
family  units  (514)  were  never  used;  29 
percent  were  never  used  in  the  second 
period.  Thus,  the  number  of  parties  visit- 
ing the  campgrounds  could  have  been  ac- 
commodated by  about  20  percent  fewer 
family  units.  A  limited  number  of  family 
units  were  selected  by  several  new  parties 
(a  measure  of  popularity);  for  example  in 
the  first  period,  10  percent  of  the  total 
family  units  (514)  were  selected  5  or  more 
times;  this  percentage  was  about  the  same 
(11  percent)  during  the  second  period. 


INTRODUCTION 

Quantitative  information  concerning  rec- 
reational use  of  National  Forest  campgrounds 
is  desirable  not  only  to  relate  recreation  to 
other  forest  uses,  but  also  for  the  develop- 
ment, maintenance,  and  rehabilitation  of 
forest  campgrounds.  The  number  and  charac- 
teristics of  recreationists,  purpose  and  dura- 
tion of  visits,  camping  equipment  used,  and 
the  occupance  of  family  units  (table,  fire 
grate,    trash    container    in   a    localized    spot 


within   a   forest    campground)    are    important 
considerations. 

Accordingly,  the  use  of  12  selected  camp- 
grounds in  the  National  Forests  of  Arizona, 
New  Mexico,  Colorado,  Wyoming,  and  South 
Dakota  was  systematically  observed  during 
two  4-day  periods  between  mid-June  and  mid- 
September,  1962.  The  purpose  of  the  study 
was  to  establish  patterns  of  recreational  use 
in  order  to  guide  development  and  manage- 
ment of  such  use  and  to  identify  key  observa- 
tions for  subsequent  studies. 

The  results  of  this  study  provide  consid- 
erable information  about  visitors  to  the  12 
campgrounds.  Although  these  results  cannot 
now  be  applied  directly  to  other  campgrounds, 
particularly  those  where  fees  are  charged,  the 
fact  that  some  of  the  observations  are  nearly 
identical  on  all  campgrounds  may  indicate 
widespread  uniformity  in  visitor  use-patterns. 
If  future  studies  show  additional  uniformity,  it 
should  be  possible  to  predict  visitor-use  pat- 
terns from  the  trends  found  in  origin  of  visi- 
tors, age  classes,  length  of  stay,  and  factors 
associated  with  the  selection  and  use  of  family 
units. 


PREVIOUS  WORK 

Investigations  by  others  dealing  with  out- 
door recreationists  have  been  conducted  for  a 
variety  of  purposes.  Methods  employed  like- 
wise have  varied  so  that  it  is  difficult  to  make 
direct  comparisons  with  the  results  obtained 
from  the  present  study.  Certain  general 
trends  are  apparent,  but  specific  supporting 
evidence  is  lacking. 

In  a  study  of  the  economic  value  of  State 
parks  in  Oregon  (Ore.  State  Highway  Dept., 
1959), 2  it  was  found  that  87  percent  of  the 
total  visits  to  State  parks  were  by  in-State 
residents,  that  the  average  number  of  persons  ■ 
per  party  was  5.03,  and  that  the  average 
length  of  stay  within  25  miles  of  parks  was 
2.2  days  per  party.  This  is  equivalent,  on  the 
average,  to  52.8  hours  for  a  party  of  5.03 
persons,  or  10.5  hours  per  visitor. 

2  Names  and  dates  in  parentheses  refer  to 
Literature  Cited ^  p.    22. 


Burke  ^  found,  in  his  studies  of  the  utiliza- 
tion of  recreation  areas,  that  people  select 
and  use  tables  in  relation  to  distance  from 
parking;  the  closer  the  parking  the  more  fre- 
quent the  selection  and  use.  The  trend  was 
similar  for  distance  from  a  beach.  The  basal 
area  of  trees  within  30  feet  of  a  table  influ- 
enced the  choice  and  use  of  tables;  tables  with 
trees  of  lower  basal  areas  were  chosen  more 
often  and  used  for  longer  periods  of  time.  He 
also  found  that  certain  camp  sites  were  pre- 
ferred and  used  longer  than  others. 


points  out  that  table  spacing  is  a  minor  factor 
because  use  is  closely  confined  to  the  table. 
He  noted  that  distance  to  the  nearest  parking 
area  controls  use,  and  that  parking  facilities 
could  be  used  to  foster  more  uniform  use. 

Among  canoe  country  vacationers  de- 
scribed by  Taves,  et  al.  (1960)  a  greater  per- 
centage (76  percent)  of  visitors  who  camp 
were  in  age  groups  25  to  54  than  in  other 
groups.  Also,  about  40  percent  of  the  campers 
were  women. 


Hutchins  and  Trecker  (1961),  in  their  study 
of  the  visitors  to  Wisconsin  State  parks,  found 
that  the  passenger  load  per  car  was  3.5  per- 
sons and  that  two-thirds  of  the  visitors  were 
in-State  residents.  Eighty  percent  of  the  visi- 
tors stayed  for  a  day  or  less. 

According  to  ORRRC  (U.S.  Outdoor  Recrea- 
tion Resources  Review  Commission,  1962a), 
single-family  groups  with  or  without  children 
play  a  dominant  role  in  areas  where  camping 
(74,5  percent)  and  sightseeing  (66.6  percent) 
are  major  attractions.  About  40  percent  of  the 
user  groups  included  boys  or  girls  or  both  12 
years  of  age  or  less,  and  about  23  percent  in- 
cluded teenagers.  Sixty-four  percent  of  the 
user  groups  included  one  or  more  men  be- 
tween 20  and  44  years,  and  65  percent  in- 
cluded women  in  the  20  to  44  age  bracket. 
About  a  third  of  the  visitors  to  National  For- 
ests stayed  between  1  and  3  days,  while  about 
half  of  them  spent  less  than  one-half  day. 
About  three-fourths  of  the  groups  that  camped 
stayed  for  a  day  or  more. 


Tocher  and  Kearns  (1962)  in  their  descrip- 
tion of  Utah  tourism  point  out  that  travel 
trailers  and  campers  (pickup  with  camper- 
back)  comprise  about  10  percent  of  the  camp- 
ing equipment  used  at  public  camps.  They 
predict  that  the  use  of  this  kind  of  equipment 
will  increase. 

In  discussing  age  of  people  who  camp, 
Wagar  ^  found  that  over  half  of  the  visitors 
asked  were  between  15  and  39  years.  He  also 
found  that  a  high  percentage  of  females  par- 
ticipate in  outdoor  recreation  activities. 

The  results  of  the  present  study  are  rea- 
sonably well  substantiated  by  results  obtained 
elsewhere.  This  is  apparent  with  regard  to 
proportion  of  in-State  to  out-State  visitors, 
age  classes,  sex  ratios,  and  influence  of  dis- 
tance to  parking  areas  on  unit  use.  The  re- 
sults obtained  elsewhere  apply  to  a  lesser 
extent  to  length  of  stay,  influence  of  size  of 
clearing  on  unit  occupancy,  and  kinds  of  equip- 
ment used  by  outdoor  recreationists. 


In  another  ORRRC  report  (1962b),  it  was 
noted  that  only  minor  male-female  differences 
exist,  especially  where  families  or  mixed 
groups  can  participate  in  outdoor  recreation. 
Participation  in  outdoor  recreation  tends  to 
decline  as  the  age  group  reaches  45  to  54, 
Greater  participation  is  noted  in  the  age 
groups  18  to  24  and  24  to  34. 

Ripley  (1962),  in  his  study  of  recreation 
impact    on    campgrounds     and    picnic     sites, 

^  Burke,  Hubert  D.  Mapping  of  utilization 
on  recreation  areas.  1961.  (First  and  second 
office  reports  on  exploratory  phase  of  the 
study,  on  file  at  Northeast.  Forest  Expt.  Sta. , 
U.    S.    Forest  Serv.,    Upper  Darby,   Pa.) 


CAMPGROUNDS  STUDIED 

Campgrounds  representing  different  ele- 
vational  and  vegetational  zones  were  chosen 
for  study  (table  1).  The  campgrounds  provided 
both  camping  and  day-use.  Some  provided  ad- 
ditional activities,  such  as  fishing,  boating, 
and  hiking  so  that  the  users  had  a  variety  of 
choices. 

*  Wagar,  J.  Alan.  An  exploratory  study  of 
visitor  motivation  and  attitudes  toward  forest 
recreation.  1962.  (Office  report  on  file  at 
Northeast.  Forest  Expt.  Sta.,  U.  S.  Forest 
Serv.,    Upper  Darby,   Pa.) 
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Tible  1.  --Descri(ji 


il  campgrounds  observed  in  four  States  from  mid-June  to  mid-September   1962 


Campground 

and 

National  Forest 


Elevation 


Vegetation 
type 


First  observation  period 
(mid -June  to    end  of  July) 


Dates 


Weather 


Second    observation  period 
(August  to  mid -September) 


Dates 


Weather 


ARIZONA: 

Rose  Canyon 
(Coronado) 


Feet 


7,200  Ponderosa  pine 


July 
20-23 


Clear,   warm 


Aug.  31 
Sept.  3 
(Labor  Day) 


Clear,   warm 


Lakeside 
(Sitgreaves) 


6,700  Ponderosa  pine 


July 
6-9 


Clear,    warm 


Aug.  Clear,   warr 

17-20 


Ashurst 
(Coconino) 

NEW     MEXICO: 


7,000 


Mixed  ponderosa 
pine  and  juniper 


June 
22-2  5 


Clear,   warm,    windy 


Aug. 
3-6 


Clear,   warm,    windy 


Fourth  of  July  8,000  Ponderosa  pine-  July  Clear,    warm;  turned  Sept. 

(Cibola)  Gambel  oak-  27-30  cloudy  and  stormy  on  7-10 

bigtooth  maple  July  30 


Clear,    warm 


Holy  Ghost  8,000  Mixed  conifers  June  29-     Partly  cloudy,   warm; 

(Santa  Fe)  July  2  heavy  thunderstorm  on 

June  29,   followed  by 
clearing  weather 


Aug. 
10-13 


Partly  cloudy,    warm 


La  Sombra- 

Capulin 

(Carson) 

COLORADO: 


7,800 


Canyon- bottom 


July 
13-16 


Clear,    warm 


Aug. 
24-27 


Clear,   warm 


Maroon  Lake 
(White  River) 


Echo  Lake 
(Arapaho) 


10,000  Aspen  July 

predominates  13-16 


10,700  Engelmann  spruce-        June  29- 

subalpine  fir-  July  2 

bristlecone  pine 


Clear  to  partly  cloudy;  Aug. 

warm  days;  cool  evenings;      17-20 
intermittent    rain  showers 


Partly  cloudy,    cool;  Aug. 

hail  and  rainstorm  on  10-13 

July  1 


Clear  to  partly  cloudy; 
warm  days;  cool  evenings; 
intermittent  rain  showers 
that  lasted  longer  than 
first  period  (Sat.    &  Sun.) 

Partly  cloudy,    cool; 
considerable  wind 


Walton  Creek 
(Routt) 


9,000 


Engelmann  spruce- 
subalpine  fir 


July 
20-23 


Clear;  warm  days; 
cold  evenings 


Aug.    31-        Clear;  cold;  dusty;  cloudy 
Sept.    3  and  windy  on  Sept.    3 

(Labor  Day) 


Chambers  Lake         9,200 
(Roosevelt) 


Lodgepole  pine  June  Partly  cloudy,    warm  Aug. 

22-25  days;  cool  evenings;  3-6 

intermittent  rain  showers 


Partly  cloudy;  warm  days; 
cool  evenings;  intermittent 
rain  showers 


W  YOMING: 


Mirror  Lake 
(Medicine  Bow) 


10, 500 


SOUTH     DAKOTA: 


Engelnnann  spruce- 
subalpine  fir 


July  Partly  cloudy,    cool,   turn-     Aug. 

6-9  ing  cloudy  and  cold  on  24-27 

July  9 


Clear;  windy;  cool 


Sheridan  Point  7,000  Ponderosa  pine  July  Partly  cloudy,   warm;  Sept. 

(Black  Hills)  27-30  prolonged  rainstorm  7-10 

on  July  28 


Partly  cloudy,    cool;  brief 
snowstorm  on  Sept.    8, 
turning  warnn  on  Sept.     10 
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Family 
units 


Location 


Number 


Supplennental  information 


51 


26 


22 


17 


61 


19 


55 


96 


20  miles 
northeast 
of  Tucson 

6  miles 
south  of 
Show  Low 


50  25  miles 

southeast  of 
Flagstaff 


40  miles 
southeast  of 
Albuquerque 

1  5  miles 
northwest 
of  Pecos 


8  miles 
southeast 
of  Taos 


1 1   miles 
southwest  of 
Aspen 


20  miles 
southwest  of 
Idaho  Springs 


12  miles 
east  of  Steam- 
boat Springs 

60  nniles 
west  of 
Fort  Collins 


19  30  miles 

west  of 
Laramie 


5  miles 
north  of 
Hill  City 


On  the  Mt.   Lemmon  highway;  small  artificial  lake  at  west  end  provides  limited  fishing  opportunities;  im- 
proved gravel  access  roads  are  narrow  and  rough  in  several  places;  family  units  divided  into  4  broad  groups: 
2  for  group  participation  under  special-use  permit,   day-use  only  (fig.    1);  7,   day-use  only;   12,   travel -trailer 
use;  64,    camping  and  day-use. 

Artificial  lake  nearby  provides  fishing  opportunities;  recreation  guard  visited  campground  daily,    seasonlong; 
some  recent  rehabilitation  through  "Operation  Outdoors"  program;  gravel  access  roads  adequate  for  moving 
traffic,    which  often  created  palls  of  drifting  dust  throughout  campground;  family  units  divided  into  3  broad 
groups:     5,   day-use  only;   19,   travel -trailer  use;    remainder,    camping  and  day-use. 

On  east  and  west  banks  of  Ashurst  Lake,    an  improved  natural  impoundment;    1962   season  was  initial  period 
of  use  for  32  units  constructed  along  east  side  of  lake  under  "Operation  Outdoors"  program;  access  road 
along  west  side  of  lake  adequate  for  moving  traffic,    remainder  of  road  under  partial  construction  but  pass- 
able; all  family  units,    camping  and  day-use;  3  toilets  serviced  the  area,   others  under  construction. 

No  special  attraction  at  campground,    but  variety  of  trees  affords  pleasant  surroundings;  in  1960-61,    old  area 
rehabilitated  and  new  units  added  under   "Operation  Outdoors"  program;    1962  was  second  season  of  use  of  en- 
larged area;   recreation  guard  visited  campground  daily,  seasonlong;  all  family  units,    camping  and  day-use; 
improved  gravel  road  narrow--in  places  parked  vehicles  interfere  with  moving  traffic. 

In  headwater  area  of  Pecos  River,    along  Holy  Ghost  Creek,    a  tributary  to  the  river;  only  moderate  mainte- 
nance since  construction  in  CCC  days;  recreation-guard  visits  averaged  every  other  day;  all  family  units, 
camping  and  day-use   --  6  were  Appalachian  shelters  (fig.    2);  improved  dirt  access  road  is   rutted  and  rocky 
in  spots,    fords  creek  in  two  substandard  places;  undeveloped  spring  at  north  end  of  campground  provides 
very  limited  source  of  drinking  water. 

On  U.    S.    Highway  64;  a  combination  of  two  campgrounds  with  a  connecting  road;  adjacent  to  Taos  Creek;  all 
family  units,    camping  and  day-use;  was  developed  during  CCC  days,    with  little  maintenance  and  no  rehabili- 
tation since;  undeveloped  spring  provides  limited  supply  of  drinking  water;  three  entrances  from  the  highway, 
with  interior  dusty,    dirt  roads;  access   road  was  extremely  dusty  in  August  period;  recreation-guard  visits 
averaged  every  other  day. 

In  headwater  area  of  Maroon  Creek;  campground  is   300  feet  north  of  Maroon  Lake;  trails  lead  into  Maroon 
Bells -Snowmass   Wild  Area;  in  1960-61,    campground  rehabilitated  and  new  units  added  under  "Operation  Out- 
doors" program;   1962  was  initial  season  of  use  of  enlarged  area;  recreation  guard  visited  campground  daily , 
seasonlong;  family  units  divided  into  2  broad  groups:    16,    trailer  use  only;   11,    day-use  only;    remainder, 
camping  and  day-use. 

On  Mount  Evans  road  (Colorado  Highway  103);  last  campground  before  road  ascends  Mt.    Evans;  on  loop  drive 
from  Denver;    1/4  mile  to  Echo  Lake  which  provides  moderate  fishing  opportunities;  established  in  CCC  days, 
has  had  moderate  maintenance;  group  shelter  (fig.    3)  is  attractive,    popular  improvement  that  accommodates 
several  unrelated  parties  at  one  time;  has  one  council  circle;  all  but  2  of  19  family  units  designated  camping 
and  day-use;  recreation  guard  visited  campground  daily,    seasonlong;  gravel  access  road  too  narrow  for  2 -way 
traffic;  congestion  resulted  at  limited  parking  areas. 

Visible  from  U.S.    Highway  40;   Walton  Creek,    adjacent  to  site,    provides  some  fishing  opportunities;  in   1960-61, 
old  area  rehabilitated  and  new  units  added  under  "Operation  Outdoors"  program;   1962  was  second  season  of  use 
for  enlarged  area;   recreation  guards  visited  periodically  during  season;  all  units,    camping  and  day-use;  dirt 
access   road  adequate  for  nnoving  traffic;  little  congestion  occurred. 

In  headwater  area  of  Cache  la  Poudre  River,    along  southwest  shore  of  Chambers   Lake;   recreationists  travel 
to  Chambers  Lake--an  artificial  impoundment  for  water  supply--for  fishing  and  boating  opportunities;  in   1960- 
61,    old  area  rehabilitated,    new  units  added  under  "Operation  Outdoors"  program;   1962  was  initial  use  period 
of  enlarged  area;  recreation  guard  stationed  at  campground,    seasonlong;  improved  gravel  access  road  ade- 
quate for  moving  traffic,    but  some  congestion  in  terminal  parking  lot;  family  units  divided  into  2  broad  groups: 
21,    trailer  use  only;  remaining  units,    camping  and  day-use,   with  6  for  day-use  only. 

In  Snowy  Range,   adjoining  Mirror  Lake--an  improved  natural  lake--that  provides  considerable  shore  fishing; 
snowdrifts  blocked  entrance  on  July  6,    but  were  opened  by  noon  that  day;  campground  extremely  wet  due  to 
rapid  snowmelt- -several  cars  of  first  group  of  visitors  became  stuck  in  mud;  scenic  setting  is  site's  major 
attraction  (see  cover  photo);  recreation  guards  visited  periodically;    some    rehabilitation   work  under  "Operation 
Outdoors"  progrann  had  been  completed;  additional  rehabilitation  was  begun  late  in  1962  season. 

Along  U.   S.   Highway  85A,   adjacent  to  Sheridan  Lake  where  boating,   fishing,   water  skiing,   and  swimming  are 
main  attractions  (fig.    4);  recreation  guard  stationed  at  area,    seasonlong;  movies  were    shown   every   other 
evening  during  first  period;  new  units  had  been  added  to  campground  in  1961  with  more  under  construction  in 
1962;  study  included  the  96  available  during   1962;  family  units  were  divided  into  two  groups:    66  units,   tent 
camping;  30  units,   trailer  use;   1962  was  initial  period  of  use  for  25  units;  access  road  to  25  new  units  often 
muddy  and  slick;  remainder  of  road  adequately  accommodated  moving  traffic;  little  congestion  occurred. 
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Figure  1. — 

Group-participation  unit  at 
Rose  Canyon  campground  for 
day-use  under  special-use 
permit.  Coronado  National 
Forest,  Arizona. 


Figure  2. — 

Appalachian  shelters  are 
an  attraction  at  the  Holy 
Ghost  campground.  Santa 
Fe  National  Forest,  New 
Mexico. 
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Figure  S. — 

This  popular  group  shelter 
lends  attractiveness  to 
the  Echo  Lake  campground. 
Arapaho  National  Forest, 
Colorado. 


PROCEDURES 

All  campgrounds  were  observed  twice  dur- 
ing the  summer.  Each  observation  period 
covered  4  days --a  Friday-through-Monday 
period.  The  number  of  observations  at  each 
campground  depended  upon  the  number  of 
family  units.  Use  of  each  unit  was  recorded 
hourly —  8  a.m.  to  7  p.m.  (except  on  Mondays 
when  the  last  record  was  made  at  5p.m.).  The 
goal  was  to  arrive  at  a  census  of  the  total  use 
of  a  campground  during  the  periods  of  obser- 
vation. 

Observations  at  the  family  units  included: 
kind  and  amount  of  camping  equipment  used; 
size  of  party;  age  and  sex  classes;  length  of 
stay;  and  apparent  activity.  Data  were  sum- 
marized as  to  campground  facilities  available, 
distance  from  parking  areas  and  other  im- 
provements, vegetation  and  soil  conditions, 
and  points  of  interest. 


Field  Methods 

Field  methods  consisted  of:  sketch  maps 
of  the  campgrounds,  inventory  of  units,  and 
daily-use  records. 

Mapping.--A  sketch  map  was  drawn  to 
show  access  and  spur  roads,  and  location  of 
units,  toilets,  water  outlets,  parking  areas, 
community  shelters,  fire  circles,  and  other 
developments  considered  a  part  of  the  camp- 


ground. The  map  was  used  to  number  and 
locate  units  to  be  observed  and  to  show  the 
relative  placement  of  other  facilities. 

Unit  Inventory. — An  inventory  describing 
the  units  was  made  during  the  first  visit  to 
the  campground  (fig,  5).  It  summarized  condi- 
tions found  with  regard  to  shade,  screening, 
ground  cover,  drainage,  slope,  erosion,  and 
distances  to  various  improvements.  Size  of 
clearing  at  each  unit  was  indicated  by  meas- 
uring the  maximum  distance  from  the  fire 
grate  to  the  edge  of  the  disturbed  area  caused 
by  trampling  or  other  activities  that  tended  to 
alter  or  destroy  the  ground  cover. 

Daily  Use  Record. --Use  of  each  unit  was 
continuously  recorded  throughout  the  periods 
of  observation  (fig.  6).  The  record  included 
the  times  of  use  and  nonuse,  number,  age  and 
sex  of  users,  equipment  used  by  visitors,  ap- 
parent activities  of  users,  and  the  State  from 
which  they  came  (from  auto  license  plates). 
Summaries  of  the  records  provided  a  pattern 
of  use  for  the  campground  as  a  whole,  either 
daily  or  for  the  total  period. 

During  the  latter  part  of  May  1962,  two  of 
the  campgrounds  were  observed  to  test  pro- 
cedures. An  analysis  of  the  information  ob- 
tained indicated  that  the  procedures  were 
adequate  to  achieve  the  objectives  of  the 
study.  Recording  use  was  difficult  only  during 
the  peak  hours  of  the  day.  At  those  times  ob- 
servations   were  recorded  every  other  hour. 


Figure   4. — 

Boating,      fishing,     water     skiing,      and  swimming  at 
Sheridan       Lake       are       main     attractions     for 
visitors     using  the  Sheridan     Point  camp- 
ground near  Hill  City,   South  Dakota, 
in     the     Black     Hills     National 
Forest.        Nearby       is     the 
-,.  ;  Mount       Rushmore     Na- 

tional    Memorial. 


n  ■<* 


Elevation  

Vegetation  Zone 


Unit  No. 
Observer 
Dace 


WIT  IHVKNTOKY 


Recreation  Site 


(NaiDe  and  Number) 


Type  of  Unit 


(Camping,  Trailer,  Etc.) 


Inaolatlon  at  Unit 


Shade  present  from  10  a.m.  to  3  p.m.:   Tes  

If  "Yes"  sho«:   Full  or  Partial 

Canopy:   Under  10  ft.  10-30  ft.  


Timber  Type:   Coniferous 


Deciduous 


Screened  from  adjacent  unit:   Yes 
Ground  Condition  at  Unit 


No 


Over  30  ft. 
Species 


Soil  Surface:   Stony  

Ground  Cover:   Grass  

Surface  Drainage:   Good 

Surface  Slope:   Level  

Reinforcement:   None  

Sand  

Haxla 


Sandy  

Ueed  

_     Fair 
0-51 


Clay-Silt  

Shrub  Litter 

Poor  

6-101  101+ 


Concrete  

Wood  chips 


Macadam 
Other 


radius  of  disturbance 
Ground  Condition  Between  Units 


Eroded 


Gravel 


Canopy:   Open  Dense 

Soil  Surface:   Stony  

Ground  Cover:   Grass  

Surface  Drainage:   Good  

Surface  Slope:   Level  


Sandy 

Weed 


Fair 
~0-5Z 


Clay-Silt  

Shrub  Litter 

Poor  

6-101  101+ 


Eroded 


Facilities  From  Unit 
Distance:   Feet 

0-50 

50-100 

100-150 

150-200 

20Of 

Closest  parking  area 

Toilet  (men) 

Toilet  (women) 

Garbage  disposal 

Drinking  water 

Closest-like  facility 

Boat  dock 

Fishing  point 

Viewpoint 

Stream 

Trail 

Additional  Characteristics 


Figure  5. — Form  used  to  inventory  each  familij  unit  during  observer's 
first  visit  to  each  campground. 
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(license  plate  number,  care  of  fires,  break- 
ing or  establishing  camp,  clean  or  dirty 
camp) 
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Evaluation  of  Data 

The  initial  compilation  contained  a  sum- 
mary of  the  daily  use  for  each  campground. 
These  summaries  provided  information  as  to 
who  used  the  campground,  how  long,  camping 
equipment  used,  in-  and  out-State  residents, 
and  apparent  activity.  Individual  campground 
summaries  were  combined  to  show  the  varia- 
tion in  origin,  age  classes,  duration  of  stay, 
camping  equipment  used,  and  unit  use.  The 
intensity  of  use  of  units  (indicated  by  their 
continuous  occupancy)  was  related  to  distance 
from  toilets,  water  outlets,  closest  unit,  and 
nearest  fishing  point  (from  unit  inventory). 


The  average  hours  of  daily  use  per 
visitor  for  camping  and  day-use  were 
totaled  to  give  a  span  of  unit  use  of 
from  0  to  24  hours.  Thus,  a  unit  with 
an  index  of  24  hours  (actually  23.8 
hours  due  to  rounding  numbers)  would 
be  considered  continually  occupied  and 
receiving  a  high  intensity  of  use. 

For  each  campground,  the  average 
hours  of  daily  use  per  visitor  per  unit 
was  determined  by  totaling  the  average 
hours  of  daily  use  per  visitor  at  each 
family  unit  and  dividing  by  the  number 
of  units. 


Because  the  majority  of  the  visitors  com- 
bine activities,  they  were  grouped  under  two 
major  categories:  camping  and  day-use. 
Camping  involved  overnight  use,  and  might 
or  might  not  include  fishing,  hiking,  and  other 
activities.  Day-use  involved  no  overnight  use, 
and  included  picnicking,  fishing,  hiking,  and 
general  enjoyment,  in  combination  or  singly. 

The  number  of  parties  as  well  as  the  total 
visitors  in  a  party  varied  from  unit  to  unit 
and  from  campground  to  campground.  Accord- 
ingly, an  item  of  measurement  was  devised  to 
indicate  the  intensity  of  use  for  each  unit. 
This  was  termed  "average  hours  of  daily  use 
per  visitor"  and  was  calculated  as  follows: 

For  camping,  the  time  involveddur- 
ing  an  observational  period  was  81 
hours,  or  3.4  24-hour  days.  For  each 
unit  used  for  camping,  the  period  total 
visitor  hours  was  divided  by  the  total 
number  of  visitors.  This  resulted  in  the 
average  hours  each  visitor  stayed  when 
camping.  The  average  hours  per  visitor 
was  divided  by  3.4  to  obtain  the  average 
hours  of  daily  use  per  visitor. 

For  day-use,  the  time  involved  dur- 
ing an  observational  period  was  46  day- 
light hours  or  3.8  12-hour  days.  For 
each  unit  used  for  day-use,  the  period 
total  visitor  hours  was  divided  by  the 
total  number  of  visitors,  yielding  the 
average  hours  each  day-use  visitor 
stayed.  The  average  hours  per  visitor 
was  divided  by  3.8  to  obtain  the  average 
hours  of  daily  use  per  visitor. 


The  Chi- square  test  (Snedecor,  1956)  was 
employed  to  evaluate  the  preference  of  visi- 
tors for  camping  units  as  related  to  distances 
of  units  from  parking  areas,  toilets,  water 
outlets,  fishing  points,  and  closest  unit,  and  to 
the  size  of  clearing  at  the  units.  The  results 
are  only  suggestive  since  computation  of 
hypothetical  frequencies  based  on  numbers  of 
units  in  each  category  leaves  much  to  be  de- 
sired. Consequently,  the  outcome  of  any  sta- 
tistical test  may  be  solely  a  reflection  of 
campground  construction  or  layout  and  not  of 
visitor  preference. 

RESULTS 

The  results  of  the  study  are  combined  into 
two  periods.  The  first  period  includes  the  ob- 
servations made  from  mid-June  to  the  end  of 
July;  the  second  period,  those  made  from  the 
first  of  August  to  mid-September. 

For  comparative  purposes  the  results  are 
presented  according  to  origin  of  visitors, 
camping  equipment  used,  age  classes,  length 
of  stay,  and  unit  use.  Where  appropriate, 
reference  is  made  to  the  implications  of  Chi- 
square  tests  as  a  means  of  isolating  some  of 
the  factors  associated  with  recreational  use. 


Origin  of  Visitors 

A  summary  of  the  origin  of  parties  by 
family  units  during  two  4-day  periods  (table 
2, a)  reveals  that  in-State  parties  visiting  the 
12  campgrounds  were  more  numerous  than 
out- State. 
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Table  2.  --Recorded  use  of  12  campgrounds  in  5  States  for  two  4-day  periods,    1962 


Recorded 

use  of 
campground 


Arizona 


Rose 
Can- 
yon 


Lake- 
side 


New  Mexico 


Fourth 
of  July 


Holy 
Ghost 


La 
Sombra- 
Capulin 


Colorado 


Maroon 
Lake 


Echo 
Lake 


Walton 
Creek 


Cham- 
bers 
Lake 


V/yo- 
ming 


Mirror 
Lake 


South 
Dakota 


Sheri- 

dan 

Point 


Total 
or 
average 


FAMILY 

UNITS  (No.)  '  85 

ORIGIN  OF  PARTIES  (No.): 


26 


22 


17 


61 


19 


55 


19 


CAMPING  EQUIPMENT  USED  (No.): 


First  period-- 

Cars 

291 

125 

Campers 

11 

22 

Travel  trailers 

15 

53 

Boat  trailers 

0 

3 

Tents 

43 

45 

Bedrolls'* 

44 

7 

Second  period-- 

Cars 

405 

107 

Campers 

18 

20 

Travel  trailers 

34 

38 

Boat  trailers 

0 

1 

Tents 

85 

39 

Bedrolls'* 

64 

0 

86 
13 
14 
13 
21 
3 

72 
15 
14 
11 
20 
12 


27 

1 
0 
0 
1 
0 

4 
0 
0 
0 
1 
0 


60 
4 

13 
0 

25 
2 

73 
7 

18 
0 

36 
7 


87 

182 

89 

110 

118 

2 

10 

3 

12 

33 

7 

33 

4 

24 

13 

0 

0 

0 

0 

9 

7 

61 

5 

17 

38 

22 

3 

0 

2 

6 

81 

158 

115 

79 

162 

6 

19 

6 

7 

25 

10 

16 

5 

10 

36 

0 

0 

1 

0 

9 

10 

95 

25 

7 

63 

3 

20 

0 

0 

6 

VEHICLES  (No.): 

First  period-- 

Vehicles  302  147 

Vehicles  per 

unit  (average)  3.6  2.9 

Second  period-- 

Vehicles  423  127 

Vehicles  per 

unit  (average)  5,0  2.5 

VISITORS   PER    PARTY    (Average  No. ): 


99 

28 

64 

2.0 

1.  1 

2.9 

87 

4 

80 

1.7 

0.2 

3.6 

39  192  92  122 

5.2  3.  1  4.  8              8,  7 

il  177  121  86 

5.  1  2.  9  6.4             6.1 


151  36 

2.  7  1.9 

187  53 

3.4  2.8 


96 


514 


First  period-- 

Camping 

In -State 

59 

75 

43 

1 

16 

6 

53 

10 

11 

47 

2 

42 

36  5 

Out -State 

8 

26 

2 

0 

10 

11 

45 

10 

40 

9 

2 

124 

287 

Day-use' 

In -State 

134 

22 

34 

20 

19 

31 

43 

50 

25 

67 

22 

11 

478 

Out  -State 

14 

5 

0 

0 

2 

25 

17 

13 

41 

9 

6 

5 

137 

Total 

215 

128 

79 

21 

47 

73 

158 

83 

117 

132 

32 

182 

1.267 

Second  period-- 

Camping 

In -State 

109 

67 

35 

0 

15 

3 

54 

19 

12 

75 

1 

16 

406 

Out -State 

10 

17 

2 

1 

29 

24 

57 

16 

10 

25 

10 

18 

219 

Day-use' 

In -State 

145 

22 

22 

2 

18 

22 

34 

49 

24 

55 

22 

4 

419 

Out -State 

13 

3 

2 

1 

6 

16 

10 

20 

25 

8 

16 

1 

121 

Total 

277 

109 

61 

4 

68 

65 

155 

104 

71 

163 

49 

39 

1,  165 

36 

184 

1,395 

0 

15 

126 

0 

107 

283 

0 

8 

33 

5 

64 

332 

0 

0 

89 

50 

21 

1,327 

3 

8 

134 

4 

25 

210 

0 

6 

28 

2 

5 

388 

0 

0 

112 

199  1,521 
2.1  3.0 

29  1,461 
0.3  2.8 


First  period- - 
Camping 
Day-use' 

Total 

Second  period-- 
Camping 
Day-use' 

Total 

5.8 
6.  1 

3.8 
4.  5 

3.  3 

4.3 

6.0 
7.0 

5.8 
6.5 

4.8 
6.4 

4.4 
4.2 

4.3 
5.  1 

4.0 
4.2 

4.  1 
5.0 

3.  5 

5.  1 

4.6 
4.5 

4.  5 
5.2 

6.0 

4.0 

3.7 

6.9 

6.  1 

6.0 

4.3 

4.9 

4.  1 

4.6 

4.9 

4.6 

5.0 

6.7 
6.  1 

3.8 
4.0 

4.3 

5.  5 

5.0 
5.0 

5.8 
4.6 

4.0 
6.4 

4.6 
3.7 

5.6 
6.0 

3.  7 

4.  3 

4.3 

4.  5 

3.  7 
4.9 

2.  5 
2.8 

4.5 
4.8 

6.4 

3.9 

4.8 

5.0 

5.4 

5.4 

4.  3 

5.9 

4.  1 

4.4 

4.7 

2.6 

4.7 

Only  84  units  in  compiled  data;  records  incomplete  for  one  unit. 
Overnight  use;  may  or  may  not  include  fishing,   hiking,    and  other  activities. 
'  No  overnight  use;  includes  picnicking,    fishing,    general  enjoyment,    hiking,    in  combination  or  singly. 
Without  other  cover. 
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Table  Z.  --Recorded  use  of  12  campgrounds  in  5  States  for  two  4-day  periods,    1962  (continued) 


Arizona 

New  Mexico 

Colorado 

Wyo- 
ming 

South 
Dakota 

Total 

use  of 
campground 

Rose 
Can- 
yon 

Lake- 
side 

Ashurst 

Fourth 
of  July 

Holy 
Ghost 

La 
Sombra- 
Capulin 

Maroon 
Lake 

Echo 
Lake 

Walton 
Creek 

Cham- 
bers 
Lake 

Mirror 
Lake 

Sheri- 
dan 
Point 

or 
average 

[e]       VISITORS   PER    VEHICLE  (Average  No.): 
First  period-- 


[g] 


Camping 

3. 

8 

3.3 

2. 

8 

6.0 

4. 

1 

3.8 

3. 

7 

3. 

8 

3. 

7 

3. 

4 

3.5 

4 

0 

3. 

Day-use' 

4. 

3 

3.7 

3. 

2 

5.2 

4. 

5 

5.  1 

4 

0 

4. 

3 

4. 

1 

4. 

4 

4.  1 

3 

5 

4. 

Total 

4. 

1 

3.4 

3. 

0 

5.2 

4. 

3 

4.8 

3. 

8 

4. 

2 

3. 

9 

3. 

9 

4.  1 

3. 

9 

4. 

Second  period- 

Camping 

4. 

0 

3.0 

3. 

3 

5.0 

4. 

5 

3.  1 

3. 

6 

4. 

3 

3. 

3 

3. 

7 

3.4 

2. 

4 

3. 

Day-use' 

,    C 

4. 

2 

4.2 

3.2 

5.0 

4. 

4 

4.7 

3. 

6 

4. 

9 

3. 

4 

3. 

7 

4.6 

2. 

8 

4. 

Total 

4. 

1 

3.3 

3. 

3 

5.0 

4. 

5 

4.  1 

3. 

6 

4. 

7 

3. 

4 

3. 

7 

4.  3 

2. 

5 

3. 

AGE    CLASSES 

AMPING    VISITORS  (No.): 

First  period-- 

13  yrs.    or  1 

ess 

146 

118 

30 

4 

58 

33 

147 

29 

67 

71 

6 

303 

1 

,012 

14-20  yrs. 

48 

26 

8 

0 

6 

5 

36 

6 

22 

22 

0 

67 

246 

21-39  yrs. 

115 

90 

41 

2 

50 

31 

147 

28 

53 

90 

4 

197 

848 

40-59  yrs. 

55 

112 

54 

0 

24 

12 

74 

18 

45 

24 

4 

140 

562 

60+   yrs. 

1 

31 

16 

0 

2 

0 

11 

0 

10 

19 

0 

18 

108 

Total 

365 

377 

149 

6 

140 

81 

415 

81 

197 

226 

14 

72  5 

2 

,776 

Second  period - 

13  yrs.    or  1 

ess 

30  5 

94 

46 

2 

115 

29 

177 

66 

33 

133 

8 

12 

1 

,020 

14-20  yrs. 

53 

23 

9 

1 

18 

11 

31 

27 

3 

53 

6 

0 

235 

21-39  yrs. 

255 

67 

55 

2 

89 

30 

183 

56 

33 

148 

12 

12 

942 

40-59  yrs. 

165 

116 

43 

0 

33 

33 

79 

24 

10 

73 

14 

26 

616 

60+  yrs. 

.     D 

3 

14 

6 

0 

0 

0 

10 

1 

3 

15 

1 

8 

61 

Total 

781 

314 

159 

5 

255 

103 

480 

174 

82 

422 

41 

58 

2 

,874 

AGE    CLASSES 

AY-USERS 

(No.): 

First  period-- 

13  yrs.    or  1 

ess 

2  52 

43 

44 

64 

62 

126 

59 

88 

92 

90 

31 

25 

976 

14-20  yrs. 

100 

3 

8 

7 

14 

34 

*  144 

30 

39 

29 

23 

1 

432 

21-39  yrs. 

379 

39 

51 

44 

43 

121 

77 

131 

63 

W8 

39 

29 

1 

194 

40-59  yrs. 

141 

34 

40 

25 

17 

57 

66 

53 

69 

63 

30 

8 

603 

60+  yrs. 

12 

2 

4 

0 

0 

9 

31 

7 

18 

8 

10 

0 

101 

Total 

884 

121 

147 

140 

136 

347 

377 

309 

281 

368 

133 

63 

3 

306 

Second  period- 

13  yrs.    or  1 

ess 

641 

32 

42 

9 

35 

107 

40 

124 

52 

66 

55 

5 

1 

208 

14-20  yrs. 

119 

7 

■13 

0 

10 

19 

16 

30 

30 

16 

18 

1 

279 

21-39  yrs. 

631 

30 

43 

6 

42 

88 

55 

150 

47 

104 

61 

4 

1 

261 

40-59  yrs. 

330 

31 

19 

0 

18 

40 

34 

72 

64 

72 

33 

4 

717 

60+  yrs. 

LY 

11 

1 

10 

0 

1 

1 

11 

25 

18 

19 

21 

0 

118 

Total 

1,732 

101 

127 

15 

106 

255 

156 

401 

211 

277 

188 

14 

3 

583 

AVERAGE    DA] 

USE    PER 

UNIT    (Visitor  hours): 

First  period-- 

Camping^ 

33 

70 

31 

2 

62 

30 

54 

22 

56 

27 

10 

72 

39 

Day-use' 

10 

1 

3 

4 

5 

11 

3 

8 

7 

4 

5 

0. 

5 

5 

Total 

43 

71 

34 

6 

67 

41 

57 

30 

63 

31 

15 

72 

44 

Second  period- 

Camping 

93 

67 

30 

1 

107 

41 

71 

70 

27 

58 

14 

5 

49 

Day-use' 

11 

1 

1 

0.2 

3 

10 

1 

10 

7 

3 

6 

0. 

1 

4 

Total 

104 

68 

31 

1 

110 

51 

72 

80 

34 

61 

20 

5 

53 

Includes  a  music  group  of  130  from  Aspen,   Colorado. 
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Table  2.  --Recorded  use  of   12   cannpgrounds  in   5  States  for  two  4-day  periods,    1962  (continued) 


Recorded 

Arizona 

New  Mexico 

Colorado 

Wyo- 
ming 

South 
Dakota 

Total 

use  of 
campground 

Rose 
Can- 
yon 

Lake- 
side 

Ashurst 

Fourth 
of  July 

Holy 
Ghost 

La 
Sombra- 
Capulin 

Maroon 
Lake 

Echo 
Lake 

Walton 
Creek 

Cham- 
bers 
Lake 

Mirror 
Lake 

Sheri- 
dan 

Point 

or 
average 

AVERAGE  LENGTH  OF  STAY  PER  VISITOR  (Hours): 


First  period-  - 

_                 2 
Camping 

Day^ 

25.8 

32.  3 

35.3 

23.0 

32.9 

21.7 

27.  1 

17.8 

13.4 

22.4 

44.6 

32.2 

27.4 

3.6 

2.  1 

4.2 

3.0 

3.  1 

2.0 

2.0 

1.8 

1.4 

2.  1 

2.6 

2.7 

2.  5 

Total 

10.  1 

25.0 

19.8 

3.8 

18.2 

5.  7 

15.2 

5.  1 

6.  3 

9.8 

6.6 

29.9 

12.9 

Second  period-- 
Camping 
Day^ 

34.  1 
3.9 

36.9 
2.8 

32.3 
2.0 

23.0 
1.  5 

31.4 
2.  7 

22.9 
2.  5 

30.8 
1.7 

26.  1 
1.8 

15.7 
1.8 

25.7 
2.4 

22.  3 
2.2 

26.6 
1.8 

27.3 
2.2 

Total 

12.  1 

28.6 

18.8 

6.8 

23.0 

8.3 

23.6 

9.  1 

5.  7 

16.  5 

5.8 

21.  7 

15.0 

OFF -UNIT    USE  "(No.): 


First  period-  - 

Cars 

92 

Origin: 

In -State 

72 

Out -State 

16 

Visitors 

310 

Visitor  hours' 

404 

Second  period  -- 

Cars 

390 

Origin: 

In -State 

322 

Out -State 

22 

Visitors 

1,  140 

165 


399 


Visitor  hours'      8,526         2,039 


66 

2  74 

53 

251 

8 

11 

77 

794 

39 

6,  196 

13 

47 

30 

4 

29 

12 

8 

9 

17 

46 

190 

103 

7 

2,017 

229 

93 


8 

36 

0 

45 

25 

392 

5 

4,282 

31 

11 
127 
251 


145 


551 


539 


83 


374 


29 


131 


19 


12 


92 


350 


79 


300 


51 


76 


318 


14 


53 


751 

117 

50 

2,6  56 

2,657 


21         1,235 

701 

97 

80         4,067 

--      21,299 


DAILY  USE  PER  CAMPING  VISITOR,    ALL  UNITS  (Percent): 


First  period-- 

0-   6  hours 

74 

27 

54 

100 

64 

71 

54 

84 

100 

74 

80 

50 

62 

7-12  hours 

21 

31 

24 

0 

18 

23 

36 

16 

0 

24 

15 

26 

23 

13-18  hours 

5 

16 

2 

0 

9 

6 

5 

0 

0 

2 

5 

4 

5 

19-24  hours 

0 

26 

20 

0 

9 

0 

5 

0 

0 

0 

0 

20 

10 

Second  period-- 

0-6  hours 

33 

31 

60 

100 

18 

53 

38 

63 

86 

56 

84 

91 

57 

7-12  hours 

27 

20 

22 

0 

68 

35 

40 

32 

7 

38 

16 

7 

25 

13-18  hours 

24 

8 

6 

0 

9 

6 

11 

0 

0 

2 

0 

2 

8 

19-24  hours 

16 

41 

12 

0 

5 

6 

11 

5 

7 

4 

0 

0 
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[m]      DAILY  USE  PER  VISITOR,    PER  UNIT   (Hours) 


First  period-- 
Camping 
Day-use 


Total 


Second  period-- 
Camping 
Day-use  ' 


Total 


4.9 
.  7 


5.6 


11.  3 
.  7 


12.0 


12.2 
.2 


12.  4 


13.8 
.2 


14.  0 


8.2 
.4 


8.6 


6.  5 
.  1 


6.6 


0.  3 
.  4 


,25 
.05 


6.7 
.4 


7.  1 


9.2 
.4 


9.6 


4.  5 
.6 


5.  1 


6.8 
.  4 


7.2 


6.9 
.  3 


3.2 
.  3 


4.0 
.4 


4.4 
.4 


7.2 


3.  5 


9.4 
.2 


6.7 
.4 


5.  1 
.  4 


7.0 
.  4 


.4 


9.6 


7.  1 


5.  5 


7.4 


3.2 


9.5 
.  1 


9.6 


1.  3 
0 


1.  3 


''Those  who  entered  a  campground  but  did  not  use  a  designated  family  unit;  includes  camping,    day  use, 
Excludes  time  driving  in  and  out. 


driving  in  and  out. 


5.6 
.4 


6.0 


6.7 
.3 
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Camping  parties  outnumbered  day-use 
parties  by  a  very  narrow  margin  (1.1  to  1.0). 
The  individual  campgrounds  show  a  wide  var- 
iation between  camping  and  day-use  parties, 
and  between  in-  and  out-State  parties  for  the 
two  periods. 


grounds  during  the  two  4-day  observational 
periods  (table  2,c),  The  higher  the  average 
number  of  vehicles  per  unit  the  greater  the 
pressure  of  vehicular  use  at  the  campground. 
One  vehicle  daily  per  unit  or  four  for  a  period 
would  be  the  normal  expectation. 


The  significance  of  these  differences  ap- 
pears to  lie  in  the  distance  the  campgrounds 
are  from  major  population  centers,  proximity 
of  principal  travel  routes,  and  presence  of 
outstanding  points  of  interest.  For  example, 
the  high  proportion  of  in-State  day-users  at 
Rose  Canyon,  Fourth  of  July,  Echo  Lake,  and 
Mirror  Lake  campgrounds  reflects  their 
closeness  to  Tucson,  Arizona,  Albuquerque, 
New  Mexico,  Denver,  Colorado,  and  Laramie, 
Wyoming;  the  high  ratio  of  out-State  camping 
and  day-use  parties  at  Walton  Creek  and  La 
Sombra-Capulin  campgrounds  reflects  their 
proximity  to  major  travel  routes- -U.  S.  High- 
ways 40  and  64.  The  high  number  of  both  in- 
and  out-State  camping  parties  at  Holy  Ghost, 
Maroon  Lake,  and  Sheridan  Point  campgrounds 
indicates  interest  in  major  points  of  interest 
such  as  the  Pecos  Wilderness  Area,  the  Ma- 
roon Bells-Snowmass  Wild  Area,  and  Mount 
Rushmore  in  the  Black  Hills.  The  high  pro- 
portion of  in-State  camping  and  day-users  at 
Lakeside,  Ashurst,  and  Chambers  Lake  camp- 
grounds reflects  interest  primarily  in  fishing 
and  boating. 


Camping  Equipment 

As  expected,  the  major  unit  of  transporta- 
tion was  the  automobile  (table  2,b).  Less  than 
10  percent  of  the  total  vehicles  consisted  of 
campers  (pickup  with  camper-back,  fig.  7,  or 
other  sleep- in  vehicle).  The  use  of  tents  (fig. 
8)  for  camping  exceeded  travel  trailers  (fig.  9) 
by  a  ratio  of  1.5  to  1.  The  number  of  boat 
trailers  at  family  units  was  small  since  most 
of  them  were  stored  at  boat  launching  areas. 
Bedrolls,  without  other  cover,  were  common 
and  were  used  mainly  by  organized  groups  in 
transit. 


Number  of  Vehicles 


Number  of  Visitors 

The  average  number  of  visitors  per  party 
(table  2,d)  is  generally  greater  than  the  aver- 
age number  of  visitors  per  vehicle  (cars  plus 
campers,  table  2,e)  because  frequently  two  or 
more  vehicles  are  used  by  a  single  party. 
Both  visitors  per  party  and  visitors  per  ve- 
hicle vary  from  one  campground  to  another, 
and  from  one  period  to  the  next.  Camping 
visitors  per  party  and  per  vehicle  are  less  in 
number  than  day-use  visitors  per  party  and 
per  vehicle. 


Age  Classes 

The  age  classes  of  visitors  ^  for  all  camp- 
grounds studied  during  both  observational 
periods  followed  a  consistent  pattern: 

Period  of  observation 


and  age  of  visitors 

Camp 

Day 
(percei 

Total 

It) 

First  period: 

13  yrs.  or  less 

36 

29 

33 

14-20  yrs. 

10 

13 

11 

21-39  yrs. 

30 

36 

33 

40-59  yrs. 

20 

19 

19 

60+  yrs. 

4 

3 

4 

Second  period: 

13  yrs.  or  less 

35 

34 

34 

14-20  yrs. 

9 

8 

8 

21-39  yrs. 

33 

35 

34 

40-59  yrs. 

21 

20 

21 

60+  yrs. 

2 

3 

3 

The  young  adult  (21-39  years)  and  children 
(13  years  or  less)  were  the  dominant  visitors. 
Next  in  importance  was  the  middle-aged  adult 
(40-59  years)  followed  by  the  teenager  (14-20 
years).  The  older  adult  (60+  years)  was  the 
most  infrequent  visitor. 


A    significant   finding  was   the  number  of 
vehicles   driven  to  units  at  individual  camp- 


^  Since  age  of  visitors  was  estimated,    there 
is  an  inherent  error  in  the  data. 


-  14  - 


Figure  7 .  — Campers  are 
used  by  3  out  of  20 
visitors  who  camp.  This 
unit  at  Lakeside  camp- 
ground received  high 
use.  Sitgreaves  National 
Forest,   Arizona. 


Figure  8. — Tents  are  pop- 
ular with  4  out  of  10 
visitors  who  camp.  Holy 
Ghost  campground,  Santa 
Fe  National  Forest,  New 
Mexico. 


Figure  9. — Travel  trailers 
are  used  by  3  out  of  10 
visitors  who  camp.  This 
unit  at  Lakeside  camp- 
ground also  received 
high  use.  Sitgreaves  Na- 
tional Forest,     Arizona. 


Figure  10. — Off-unit  use  in 
access  road  at  Echo  Lake 
campground;  unit  table  to 
right.  Arapaho  National 
Forest,   Colorado. 


The  young  adults  and  children  together 
often  consisted  of  a  party  of  3  to  5,  but  just 
as  often  groups  of  25  or  more  children  under 
the  supervision  of  2  to  4  young  adults  visited 
the  campgrounds.  Members  of  the  Boy  Scouts, 
Girl  Scouts,  Future  Farmers  of  America,  4-H, 
Dude  Ranch,  and  church  organizations  made 
up  these  groups. 

The  same  general  age- class  pattern  held 
for  the  individual  campgrounds  with  regard  to 
camping  (table  2,f)  and  day-use  (table  2,g). 

Relief  from  desert  heat  and  good  fishing 
opportunities  tended  to  attract  a  larger  pro- 
portion of  middle-aged  and  older  adults,  both 
for  camping  and  day-use,  to  the  Lakeside  and 
Ashurst  campgrounds  than  to  the  others  stu- 
died in  Arizona  and  New  Mexico.  Likewise, 
the  scenic  attractions  and  good  fishing  at 
Mirror  Lake  campground  in  Wyoming  at- 
tracted a  greater  number  of  this  group  for 
camping  and  day-use.  The  middle-aged  and 
older  adults  constituted  a  larger  proportion 
of  the  day-users  at  Maroon  Lake  and  Walton 
Creek  campgrounds  than  at  the  other  camp- 
grounds in  Colorado  and  South  Dakota.  The 
scenic  attractions  nearby,  as  well  as  conven- 
ience for  noon-day  stops,  may  account  for  the 
greater  visits  by  this  group. 

The  sex  ratio  of  visitors  for  both  periods 
to  all  campgrounds  was  51.5  percent  males, 
48.5   percent   females.  These  data  suggest  a 


higher   participation   by   females    in  summer 
forest    recreation  than  previously  suspected. 


Visitor-hour  Use 

Visitor- hour  use- -the  basic  unit  in  meas- 
uring use  of  recreation  facilities--is  the 
product  of  the  number  of  visitors  times  the 
hours  they  occupied  a  family  unit.  A  visitor  to 
a  unit  was  counted  only  once  during  his  stay. 
Most  visitor-hour  use  was  attributed  to  camp- 
ing and  not  day-use  (tablr?  2,h).  An  exception 
was  the  Fourth  of  July  campground,  which  re- 
ceived more  visitor-hour  use  in  the  first 
period  through  day-use  than  through  camping. 
In  general,  day-use  was  only  about  10  percent 
of  the  visitor-hour  use  at  the  campgrounds. 

Previous  discussion  has  indicated  that  the 
use  of  the  12  campgrounds  reflects  the  dis- 
tance they  are  from  major  population  centers, 
the  proximity  of  travel  routes,  and  points  of 
interest.  The  average  daily  visitor-hoiir  use 
per  unit  at  each  campground  is  a  measure  of 
this  use.  Had  the  average  party  of  4.8  visitors 
(table  2,d)  used  a  unit  for  24  hours,  the  visi- 
tor-hour use  would  be  115.  Using  this  as  a 
base,  units  at  the  campgrounds  were  used  on 
the  average  of  38  percent  during  the  first 
period  and  46  percent  during  the  second.  Only 
in  the  cases  of  Rose  Canyon  over  Labor  Day 
weekend,  and  Holy  Ghost  where  large  groups 
stayed  longer  in  the  second  period  were  the 
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Figure     11. — Parking     along     access 
roads  caused     traffic     congestion 
such  as  this  at  Rose  Canyon  camp- 
ground.     Coronado  National  Forest, 
Arizona. 


units  used  near  the  maximum.  Of  particular 
interest  is  the  lack  of  use  at  Fourth  of  July 
campground,  and  the  almost  nonuse  of  Sheri- 
dan Point  campground  after  Labor  Day. 

Length  of  Stay 

Length  of  stay  (table  2,i)  is  expressed  in 
hours  per  visitor,  and  is  obtained  by  dividing 
total  visitor  hours  at  all  units  by  total  visi- 
tors. Hours  of  stay  per  visitor  corrects  for 
the  varying  numbers  of  parties  and  visitors 
per  party. 

The  length  of  stay  per  visitor  at  each  of 
the  campgrounds  was  variable,  particularly 
for  camping.  It  was  somewhat  more  uniform 
for  day-users.  If  all  visitors  to  a  campground 
had  stayed  through  the  full  observation  period, 
then  the  length  of  stay  per  visitor  would  have 
been  81  hours.  As  it  was,  all  visitors  aver- 
aged only  13  to  15  hours  per  person  during  an 
observational  period.  For  both  camping  and 
day-use,  the  time  spent  per  visitor  at  a  camp- 
ground was  short. 

Off-unit  Use 

Off-unit  use  (table  2,j)  includes  camping 
and  day-use  at  the  campground  but  not  at 
designated  family  units  (fig.  10).  It  also  in- 
cludes driving  in  and  out--a  visit  of  less  than 
15  minutes'  duration. 

The  magnitude  of  off-unit  use  may  be  at- 
tributed to  several  interacting  factors:  fishing 
opportunities  at  Rose  Canyon,  Ashurst,  and 
Chambers  Lake  campgrounds;  scenic  attrac- 


tions at  Maroon  Lake  and  Mirror  Lake  camp- 
grounds; establishment  of  organization  camps 
at  the  Holy  Ghost  campground;  or  the  desire 
to  see  "what's  going  on"  as  in  the  case  of 
the  Lakeside  and  La  Sombra-Capulin  camp- 
grounds. 

The  cars  of  off-unit  users  place  an  addi- 
tional burden  on  access  roads,  disturb  family- 
unit  users  by  creating  dust  palls,  and  cause 
hazardous  traffic  congestions  (fig.  11). 


Daily  Use  of  Family  Units 

"Average  hours  of  daily  use  per  visitor" 
may  range  from  0  to  24,  as  defined  on  page 
10.  This  term  was  devised  to  measure  inten- 
sity of  use  of  the  units  within  a  campground. 
Throughout  the  12  campgrounds  observed,  in- 
tensity of  use  was  not  uniform  (table  2,k).  For 
example,  over  the  two  4-day  periods,  60  per- 
cent of  the  units  averaged  less  than  6  hours  of 
daily  use  per  camping  visitor.  Day-use  of 
units  did  not  exceed  6  hours  (table  2,i);  thus, 
all  units  receiving  day-use  alone  were  used 
less  than  6  hours  per  visitor. 

Certain  campgrounds,  notably  Rose  Canyon 
(second  period),  and  Lakeside,  Ashurst,  Ma- 
roon Lake,  and  Sheridan  Point  (first  period) 
had  several  family  units  that  received  up  to 
24  hours'  use  per  day  per  camping  visitor 
(fig.  12),  All  of  the  units  at  Fourth  of  July  and 
Walton  Creek  (first  period)  campgrounds  were 
used  6  hours  or  less  per  day  per  camping 
visitor  (table  2,k).  Some  of  the  factors  asso- 
ciated with  this  apparent  disparity  of  unit  use 
will  be  discussed  in  a  later  section. 
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Table  3.  --Choice  of  family  units  by  incoming  new  partie^  to  12  campgrounds  in  5  States  for  two  4-day  periods,    1962 


Choice  of 

Arizona 

New  Mexico 

Colorado 

Wyo- 
ming 

South 
D^lkota 

Total 

or 

average 

units 

Rose 
Can- 
yon 

Lake- 
side 

Ashurst 

Fourth 
of  July 

Holy 
Ghost 

La 
Sombra- 
Capulin 

Maroon 
Lake 

Echo 
Lake 

Walton 
Creek 

Cham- 
bers 
Lake 

Mirror 
Lake 

Sheri  - 

dan 
Point 

FAMILY 

UNITS  (No.) 


85 


51 


50 


26 


22 


17 


61 


19 


55 


19 


96 


514 


[a]    UNITS  SELECTED  (No.   of  units): 


First  period  -- 

No.   of  new  parties: 

0  10 

1-2  38 

3-4  26 

5-6  9 

7+  1 

Second  period -- 

No.   of  new  parties: 

0  11 

1-L  29 

3-4  24 

5-6  14 

7+  6 


[b]   UNITS  NOT  SELECTED  (No.   of  units) 

First  period-- 

Constantly  used  0  13 

Never  used  10  3 


16 

18 

10 

3 

1 

12 

2 

0 

14 

10 

40 

136 

19 

21 

15 

14 

4 

25 

5 

0 

19 

3 

40 

203 

14 

11 

1 

4 

7 

19 

5 

3 

14 

5 

15 

124 

1 

0 

0 

1 

3 

4 

2 

4 

7 

0 

1 

32 

1 

0 

0 

0 

2 

1 

5 

7 

1 

1 

0 

19 

23 

26 

22 

2 

4 

12 

0 

1 

3 

6 

84 

194 

18 

17 

4 

10 

4 

33 

5 

6 

23 

6 

12 

167 

6 

7 

0 

9 

4 

12 

5 

1 

25 

2 

0 

95 

3 

0 

0 

1 

3 

4 

3 

3 

4 

3 

0 

38 

1 

0 

0 

0 

2 

0 

6 

3 

0 

2 

0 

20 

10 


0 

2 

0 

3 

0 

0 

0 

0 

20 

0 

1 

1 

9 

2 

0 

14 

10 

20 

48 


Not  selected 

10 

16 

18 

10 

3 

1 

12 

2 

0 

14 

10 

40 

136 

Second  period -- 

Constantly  used^ 

*11 

21 

6 

0 

1 

1 

7 

=  0 

1 

2 

0 

0 

50 

Never  used 

0 

2 

20 

22 

1 

3 

5 

0 

0 

1 

6 

84 

144 

Not  selected 

11 

23 

26 

22 

2 

4 

12 

0 

1 

3 

6 

84 

194 

'  Those  that  actually  came  to  a  cannpground  during  the  observational  periods,    in  addition  to  parties  present  when  period  began. 

Only  84  units  in  compiled  data;  records  incomplete  for  one  unit. 
'  Units  used  19  to  24  hours. 

Two  units  not  used  full  24  hours;  they  were  selected  by  incoming  new  parties. 
*  One  unit  not  used  full  24  hours;  it  was  selected  by  incoming  new  party. 


In  general,  the  average  daily  use  per  visi- 
tor per  family  unit  for  both  camping  and  day- 
use  averaged  6  hours  the  first  period  and  7 
the  second  (table  2,m).  The  average  daily  use 
per  day-use  visitor  at  each  family  unit  was 
brief--from  0.3  to  0,4  hour  (20-25  minutes). 
With  the  exception  of  the  Fourth  of  July  camp- 
ground (first  period),  the  bulk  of  the  average 
hours  of  daily  use  per  visitor  at  each  unit 
was  contributed  by  visitors  who  camped. 


Incoming  New  Parties 

Incoming  new  parties- -those  that  actually 
came  to  a  campground  during  the  observation- 
al  periods,    in   addition   to  those  parties  al- 


ready present  when  the  period  began- -were 
recorded  and  identified  with  the  family  units 
they  selected  for  use  (table  3).  The  number  of 
incoming  new  parties  selecting  a  particular 
family  unit  was  used  as  a  measure  of  the 
popularity  of  that  unit,  provided  that  it  was 
not  continuously  occupied. 

Ten  percent  of  the  family  units  were  used 
between  19  and  24  hours  (table  2,k).  This  per- 
centage influenced  the  number  of  family  units 
available  to  be  chosen  by  new  parties  (table 
3, a).  Some  units  could  not  be  chosen  because 
they  were  in  constant  use;  others  were  never 
selected  although  available  (table  3,b),  In  the 
first  period  17  percent  of  the  514  family  units 
were  never  used;  28  percent  were  never  used 
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Figure  22. — This  unit  at 
Maroon  Lake  campground,, 
designed  for  both  camp- 
ing and  day-use,  was 
used  constantly  during 
a  4-day  observational 
period,  ifnite  River  Na- 
tional Forest,    Colorado. 


"I?1  !!    I? 


I' 


M^V 


Figure  13.— This  unit  re- 
stricted to  day-use  at 
Maroon  Lake  oampgrouna 
was  never  used  during 
either  period.  Its 
companion  (background) 
was  used  for  both  camp- 
ing and  day -use.  White 
River  National  Forest, 
Colorado. 


in  the  second  period  (fig.  13).  The  scope  of  the 
present  study  did  not  provide  for  personal 
interviews  with  visitors;  reasons  why  some 
units  were  not  selected  are  probably  related 
to  the  associated  factors  which  follow. 


related    to   day-users  whose  visits  are  brief 
than  to  an  undesirable  camping  environment. 


Factors  Associated  with  Use 


More  important  is  the  observation  that  a 
limited  number  of  family  units  are  selected 
by  several  new  parties  (fig.  14).  For  example, 
in  the  first  period,  10  percent  of  the  total 
family  units  (514)  were  selected  by  5  or  more 
incoming  new  parties;  this  percentage  was 
about  the  same  (11  percent)  during  the  second 
period. 

It  would  appear  that  the  parties  visiting  the 
campgrounds  could  have  been  accommodated 
by  about  20  percent  fewer  family  units,  since 
these  units  were  not  selected  for  use  during 
the  two  observational  periods. 

There  is  a  rapid  turnover  of  certain  family 
units    and    not    of  others.   This  may  be  more 


Chi- square  tests  of  probability  were  used 
(Snedecor,  1956)  to  identify  factors  that  might 
be  associated  with  the  total  hours  of  daily  use 
per  visitor  at  each  family  unit.  Because  of  the 
individual  campground  differences  with  regard 
to  number  of  family  units,  topography,  dis- 
tance from  population  centers,  and  opportuni- 
ties for  different  recreational  activities,  it 
was  decided  to  combine  recreational  use  by 
periods  for  testing  purposes.  No  tests  were 
made  of  the  presence  or  absence  of  such  fac- 
tors as  shade  or  screening  because  the  bulk 
of  the  family  units  at  each  campground  were 
usually  either  one  way  or  the  other.  Charac- 
teristics of  each  campground  were  invento- 
ried, however,  during  the  first  period  of 
observation  (table  4, a).  Dispersion  of  family 
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-Physical  characteristics  of  family  units  at  each  of  12  campgrounds  in  5  States,    inventoried  or  measured  during  first  4-day 

observation  period,    1962 


Inventory 

or 

measurement 


Rose 

Can- 
yon 


Lake- 

side 


New  Mexico 


Fourth 
of  July 


Holy 
Ghost 


La 
Sombra- 
Capulin 


Maroon 
Lake 


Echo 
Lake 


Walton 
Creek 


Cham- 
bers 
Lake 


Wyo- 
ming 


Mirror 
Lake 


South 
Dakota 


Sheri - 
dan 

Point 


Total 

or 
average 


[aj    CHARACTERISTICS  INVENTORIED  {No.    of  units): 


Shade  -- 

Yes 

66 

50 

No 

IB 

1 

Screened  -- 

Yes 

40 

0 

No 

44 

51 

Stony' surface  -- 

Yes 

8 

1 

No 

76 

50 

Bare  surface   -- 

Yes 

80 

16 

No 

4 

35 

Eroded  surface   -- 

Yes 

13 

7 

No 

71 

44 

Reinforced   -- 

Yes 

60 

1 

No 

24 

50 

50 
0 


1 
49 


49 
1 


12 
38 


12 
38 


0 
50 


5 
21 


0 
26 


0 
26 


26 
0 


5 
17 


0 
22 


0 
17 


48 
13 


13 
48 


5 
56 


0 
61 


6 
55 


2 
59 


10 
9 


0 
19 


0 
14 


49 

6 


9 
46 


3 

52 


0 
55 


55 
0 


[b]     CLEARING  radius' (No.    of  units): 


[b]     DISTANCE  FROM  UNITS  TO  FACILITIES  (No.    of  units): 


Parking  -- 

0-    50  feet 

46 

51 

51-100  feet 

21 

0 

101-150  feet 

6 

0 

151-200  feet 

6 

0 

201+  feet 

5 

0 

Toilet  -- 

0-    50  feet 

1 

14 

51-100  feet 

16 

19 

101-150  feet 

12 

9 

151-200  feet 

10 

4 

201+ feet 

45 

5 

Trash  container   -- 

0-    50  feet 

84 

48 

51-100  feet 

0 

3 

101-150  feet 

0 

0 

151-200  feet 

0 

0 

201+  feet 

0 

0 

Drinking  water  -- 

0-    50  feet 

3 

20 

51-100  feet 

6 

19 

101-150  feet 

3 

8 

151-200  feet 

5 

4 

201+  feet 

b: 

0 

Closest  unit   -- 

0-    50  feet 

1 

46 

51-100  feet 

28 

5 

101-150  feet 

22 

0 

151-200  feet 

26 

0 

201+  feet 

7 

0 

Fishing  point  -- 

0-    50  feet 

0 

0 

51-100  feet 

0 

0 

101-150  feet 

0 

0 

151-200  feet 

0 

0 

201+  feet 

84 

51 

47 
3 
0 
0 
0 


1 

2 

1 

2 

44 


35 
9 
3 
3 
0 


0 
0 
0 
0 
50 


32 

16 

2 
0 
0 


25 

1 
0 
0 
0 


20 
6 
0 
0 
0 


0 
0 
0 
0 
26 


21 

1 
0 
0 
0 


19 
1 
1 
0 
1 


0 
0 
0 
0 
22 


17 
0 
0 
0 
0 


2 

1 
0 
0 
14 


47 
5 
1 
6 
2 


4 

18 

5 

9 

25 


47 
7 
2 
5 
0 


12 
20 


5 

36 

15 

5 

0 


1 

2 

3 

47 


55 
0 
0 
0 
0 


9 

7 

23 


55 
0 
0 
0 
0 


5 

22 

25 

3 

0 


12 
3 
3 
4 

33 


0 
19 


17 
1 
1 
0 
0 


0 
1 
4 
0 
14 


0 
0 
0 
0 
19 


86 

424 

10 

90 

0 

93 

96 

42  1 

0 

95 

96 

419 

0 

149 

96 

365 

1 1 

112 

85 

402 

•  5 

151 

91 

363 

0-    5  feet 

0 

15 

39 

8 

6 

4 

'  3(    1) 

0 

1 

0 

2 

26 

104 

6-10  feet 

0 

13 

6 

12 

3 

20(11) 

0 

3 

3 

2 

25 

90 

11-15  feet 

7 

14 

2 

2 

5 

26(21) 

8 

4 

42 

9 

20 

142 

16-20  feet 

40 

4 

3 

4 

5 

4(12) 

6 

4 

7 

5 

9 

94 

21-25  feet 

21 

4 

0 

0 

2 

2(    7) 

2 

2 

3 

1 

6 

45 

26-30  feet 

10 

1 

0 

0 

1 

5(   6) 

2 

0 

0 

0 

8 

28 

31-35  feet 

1 

0 

0 

0 

0 

0(    1) 

1 

0 

0 

0 

0 

3 

36  -40  feet 

5 

0 

0 

0 

0 

0 

K  2) 

0 

0 

0 

0 

2 

8 

96 

435 

0 

47 

0 

11 

0 

13 

0 

8 

22 

67 

36 

134 

16 

81 

17 

60 

5 

172 

90 

450 

6 

39 

0 

10 

0 

8 

0 

7 

15 

82 

30 

107 

10 

47 

7 

43 

34 

235 

42 

176 

52 

208 

1 

76 

0 

39 

1 

15 

4 

68 

12 

29 

4 

26 

5 

22 

71 

369 

Based  on  maximum  distance  from  fire  grate  to  edge  of  disturbed  area  created  by  trampling  or  other  activities  that  tended  to  destroy 

the  ground  cover. 

Numbers    in  parentheses  indicate  remeasurement  during  the  second  observation  period;  not  included  in  total. 
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Figure   K!.^ — This   unit  at  Chambers  Lake  campground  was  selected  by  five  or  more  incoming  new 
parties  during  a  4-day  observation  period.      Roosevelt  National  Forest,    Colorado. 


units  was  usually  found  according  to  the  dis- 
tance they  were  from  parking,  toilets,  drink- 
ing water,  closest  unit,  fishing  point,  and  size 
of  clearing.  Those  campgrounds  with  units 
sufficiently  dispersed  were  then  combined  to 
test  the  total  hours  of  daily  use  per  visitor  at 
each  unit  against  distances  to  facilities  (table 
4,b).  The  tests  indicate  the  following: 

1.  In  the  first  period,  family  units  within  100 
feet  of  toilets  were  preferred  over  those 
located  over  100  feet.  In  the  second  period, 
units  within  50  feet  of  toilets  were  least 
preferred  and  those  over  200  feet  most 
preferred. 

2.  In  the  first  period,  family  units  within  150 
feet  of  drinking  water  were  used  longer 
than  those  located  over  150  feet.  The  same 
condition  prevailed  during  the  second  perr 
led  except  the  distance  increased  to  200 
feet. 

3.  There  was  a  tendency  in  the  first  period 
for  family  units  located  more  than  150  feet 
apart  to  be  used  longer  than  those  located 
closer  together.  In  the  second  period,  units 


closer  than  100  feet  were  used  less  than 
those  farther  apart,  (fig.  15). 

In  the  first  period,  family  units  located 
from  50  to  200  feet  from  a  fishing  point 
were  used  longer  than  units  located  less 
than  50  feet  or  more  than  200  feet.  In  the 
second  period,  family  units  less  than  50 
feet  or  between  100  and  150  feet  from  a 
fishing  point  were  used  longer  than  those 
located  at  other  distances. 

Family  units  with  a  clearing  more  than  20 
feet  in  radius  were  used  longer  in  the  first 
period  than  those  under  20  feet.  In  the 
second,  those  units  with  a  clearing  over  10 
feet  in  radius  were  used  longer  than  the 
units  with  less  (fig.  16). 


Calculations  for  Chi-square  tests  are 
shown  (table  5).  A  more  thorough  test  of  ex- 
perimentally laid-out  campgrounds  is  needed, 
however,  to  ascertain  the  true  relation  be- 
tween total  hours  of  daily  use  per  visitor  at 
each  unit  and  such  factors  as  parking,  toilets, 
drinking  water,  and  size  of  clearing. 
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Figure  15. — Family  units 
closer  together  than 
100  feet  are  not  used 
so  long  as  those  far- 
ther apart.  Fourth  of 
July  campgrouna.  Cibola 
National  Forest^  New 
Mexico. 
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Figure  16. —  Fami ly  units 
with  a  clearing  over  10 
feet  in  radius,  such  as 
this  one  at  Sheridan 
Point  campground,  are 
used  more  than  units 
with  a  smaller  clearing. 
Black  Hills  National 
Forest,   South  Dakota. 


Table  5.  --Calculations  of  Chi-square  tes 


i  of  probability  --  expected  and  observed  use  refe 
at  each  family  unit" 


"total  hours  of  daily  use  pe 


Distance  and 
observation  peri 


Percent 
units 


Expected  \ 


■  (E) 


Observed  use  (O) 


TOILETS: 

First  period-- 

0-    50  feet 

66 

14.8 

461.  1 

51-100  feel 

131 

29.4 

916.0 

101-150  feet 

76 

17.  1 

532.  9 

151-200  feet 

58 

13.  1 

408.2 

201+  feet 

1  14 

25.6 

797.6 

526.  1 

65.0 

4.255.0 

9.16 

998.6 

82.6 

6,822.76 

7.45 

459.9 

-73.0 

5.329.0 

10.0 

451.2 

43.0 

1,849.0 

4.  53 

680.0 

-117.6 

13,829.76 

17.34 

Second  period -- 

0-    50  feet 

66 

51-100  feet 

131 

101-150  feet 

76 

151-200  feet 

58 

201+  feet 

114 

17.  1 
13.  1 
25.6 


502.  5 
998.2 
580.6 
444.8 
869.2 


437.  7 
1.002.7 
522.3 
443.4 
989.2 


4.  199.04 

8.  36 

20.25 

-- 

•  3.398.89 

5.85 

1.96 

-- 

14,400 

16.  57 

TO  DRINKING   WATER; 


3.395.3 


0-50  feet 

68 

51-100  feet 

96 

101-150  feet 

43 

151-200  feet 

38 

201+   feet 

63 

517.0 
729.9 
327.  5 
287.  7 
477.2 


589.8 

72.8 

5.299.84 

10.25 

816.7 

86.8 

7,534.24 

10.  32 

363.7 

36.2 

1,310.44 

4.  00 

214.8 

-72.9 

5,314.41 

18.  47 

354.3 

-122.9 

15, 104.41 

31.65 

74.69   =   X'  •* 


econj  period -- 

0-    50  feet 

68 

22.  1 

437.2 

51-100  feet 

96 

31.2 

617.2 

101-150  feet 

43 

14.0 

277.0 

151-200  feet 

38 

12.  3 

243.3 

201+  feet 

63 

20.4 

403.6 

503.8 

66.6 

4.435.  56 

10.  14 

639.8 

22.6 

510.76 

.83 

327.5 

50.5 

2. 550.25 

9.21 

289.  1 

45.8 

2,097.64 

8.62 

218.  1 

-185. 5 

34.410.25 

85.26 

TO  CLOSEST   UNIT: 

First  period-  - 

0-    50  feet 

51-100  feet 

101-150  feet 

151-200+  feet 


160.  8 
613.9 
391.  1 
309.9 


146.3 
594.4 
385.9 
349.  1 


14.5 

210.25 

19.5 

380.25 

5.2 

27.04 

39.2 

1, 536.64 

Total 


6.96    =   X'> 


Second  period - 

0-50  feet 

51-100  feet 

101-150  feet 

151-200+  feet 


261.3 
997.2 
635.3 
503.4 


132.6 
982.2 
655.6 
626.8 


16,  563.69 

63.  39 

225.00 

.22 

412.09 

.65 

15.227.  56 

30.25 

Total 


TO  FISHING  POINT: 
First  period  -  - 


0-    50  feet 

48 

16.2 

368.5 

330.  1 

-38.4 

1,474.56 

4.00 

51-100  feet 

28 

9.4 

213.  8 

278.7 

64.9 

4,212.01 

19.70 

101-150  feet 

24 

8.  1 

184.  3 

207.5 

23.2 

538.24 

2.92 

151-200  feet 

22 

7.4 

168.  4 

223.5 

55.  1 

3.036.01 

18.03 

201+  feet 

175 

58.9 

1,339.9 

1,235.  1 

-104.8 

10,983.04 

8.20 

Total 

297 

100.0 

2,274.  9 

2.274.9 

0 

52.85    = 

X2.. 

Second  period-- 

0-    50  feet 

48 

16.2 

281.6 

336.  1 

54.  5 

2.970.25 

10.  55 

51-100  feet 

28 

9.4 

163.  5 

116.2 

-47.3 

2.237.29 

13.68 

101-150  feet 

24 

8.  1 

140.8 

162.  1 

21.3 

453.69 

3.22 

151-200  feet 

22 

7.  4 

128.6 

127.8 

-.8 

6.4 

.05 

201+  feet 

175 

58.  9 

1,023.9 

996.2 

-27.7 

767.29 

.75 

Total 

297 

100.0 

1.738.4 

1.738.4 

0 

28.25   = 

X^" 

CLEARING  RADIUS:' 

First  period-- 

0-    5  feet 

65 

15.9 

462.9 

469.8 

6.9 

47.61 

0.  10 

6-10  feet 

81 

19.8 

576.5 

623.9 

47.4 

2,246. 76 

3,90 

11-15  feet 

98 

24.0 

698.8 

662.8 

-36.0 

1,296.0 

1.85 

16-20  feet 

84 

20.  5 

596.9 

472.6 

-124.3 

15,450.49 

25.88 

21-25  feet 

42 

10.3 

299.9 

340.  5 

40.6 

1,648.36 

5.  50 

26 -30+ feet 

39 

9.  5 

276.6 

342.0 

65.4 

4,277.  16 

15.  46 

Total 

409 

100.0 

2,911.6 

2.911.6 

0 

52.69  = 

X'" 

Second  period-- 

0-    5  feet 

65 

15.9 

484.  5 

269.7 

-214.8 

46, 139.04 

95.23 

6-10  feet 

81 

19.8 

603.4 

334.  1 

-269.3 

72.522.49 

120..  19 

11-15  feet 

98 

24.0 

731.  3 

773.8 

42.  5 

1,806.25 

2.47 

16-20  feet 

84 

20.  5 

624.6 

764.4 

139.8 

19, 544.04 

31.29 

21-25  feet 

42 

10.  3 

313.8 

492.6 

178.8 

31.969.44 

101.88 

26-30+  feet 

39 

9.  5 

289.5 

412.  5 

123.0 

15.  129.0 

52.26 

Total 

409 

100.0 

3,047.  1 

3,047.  1 

0 

403,32   = 

x'" 

rcent. 

^  Based  on 

Tiaximum  distance 

from  fire  grate 

to  edge  of  di 

sturbed 

area  created 

*  Significant  at  6  pe 

rcent. 

by  trampl 

ng  or  other  activit 

ies  that  tended 

o  destroy  the 

ground 

cover. 
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Volume  Tables  and    Point-Sampling  Factors 
for  Lodgepole  Pine 

in  Colorado  and  Wyoming 

by 

Clifford  A.  Myers 


INTRODUCTION 

The  tables  presented  nere  give  values 
needed  to  determine  the  volumes  of  lodgepole 
pines  (Pinus  contorta  Dougl.)  in  Colorado  and 
Wyoming.  They  pro-'ade  timber  cruisers  and 
growth  estimators  with  the  following: 

1.  Gross  volumes  in  total  and  merchantable 
cubic  feet, 

2.  Gross  volumes  in  board  feet,  International 
1/4-inch  and  Scribner  log  rules, 

3.  Point- sampling  factors  for  merchantable 
cubic  feet  and  board  feet,  and 

4.  Distribution  of  board-foot  volume  among 
the  logs  of  a  tree. 

Volume  on  an  area  may  be  determined  from: 

1.  Measurements  of  tree  diameters  and 
heights, 

2.  Measurements  of  diameters  and  of  suffi- 
cient heights  to  convert  the  appropriate 
volume  tables  to  local  volume  tables 
(Chapman  and  Meyer,  1949),^   or 

3.  Tree  counts  obtained  by  point- sampling. 


2  Names     and     dates     in  parentheses  refer  to 
Literature  Cited,   p.    4. 


Sample  trees  were  measured  in  all  major 
areas  of  commercial  lodgepole  pine  in  Colo- 
rado and  Wyoming. 

DEFINITIONS  AND  STANDARDS 

Definitions  of  variables  used  in  the  tables, 
and  of  standards  followed  in  field  measure- 
ment and  computations,  are  as  follows: 

Diameter  breast  high  (d.b.h.). --Measured  to 
0.1  inch  outside  bark  4.5  feet  above  average 
ground  level.  In  the  tables,  full-inch  diameter 
classes,  with  class  midpoints  at  the  half-inch 
marks,  were  used  (12.5,  13.5,  etc.). 

Scaling  diameter  of  logs. --Average  diameter 
inside  bark  to  0.1  inch,  measured  at  the  upper 
(small)  end  of  logs  or  half- logs.  Saw- log  di- 
ameter classes  followed  conventional  scaling 
practice,  with  the  class  midpoints  at  whole 
inches  (8.0,  9.0,  etc.). 

Minimum  top  diameter  of  sawtimber  trees.- - 
Diameter  inside  bark,  8  inches.  Logs  with  a 
scaling  diameter  less  than  7.6  inches  (8-inch 
class)  usually  were  not  included  in  saw- log 
volume.  A  few  logs  with  a  scaling  diameter  of 
7  inches  were  included  to  satisfy  require- 
ments   of   the  4-foot  rule  described  with  the 


definition  of  height  in  logs,  below.  This  also 
conforms  to  local  practice. 

Total  height. --Measured  to  the  nearest  foot 
from  average  ground  level  at  the  tree  base 
upward  to  the  tip.  Forked,  stag-topped,  or 
other  deformed  trees  were  not  included  in  the 
sample.  Midpoints  of  the  total  height  classes 
used  in  the  tables  were  multiples  of  10.0  feet, 
as  10.0,  20.0,  etc. 

Height  in  logs. --Measured  from  the  top  of  a 
stump  1.0  foot  high  upward  to  the  limit  of 
saw-log  utilization.  Each  tree  was  divided  into 
as  many  standard  16. 3-foot- long  logs  as  pos- 
sible. An  additional  half- log,  if  present,  was 
taken  from  the  uppermost  part  of  the  mer- 
chantable length.  Portions  of  the  bole  above 
the  height  of  minimum  top  saw-log  diameter 
were  included  in  the  uppermost  saw  log  if  the 
standard  length  of  the  log  or  half- log  ended 
within  4.0  feet  above  this  height.  This  "4-foot 
rule"  was  used  to  avoid  biased  negative  error 
in  volume  (Chapman  and  Meyer,  1949). 


EXPLANATION  OF  TABLES 

The  general  definitions  and  standards  giv- 
en apply  to  all  tables.  Explanation  of  each 
type  of  table  and  suggestions  for  use  are 
presented  here. 


Volume  Tables 

Headings  and  footnotes  with  each  volume 
table  (tables  1,  2,  4,  6,  8,  10)  give  the  volume 
unit,  type  of  height  measurement,  utilization 
standards,  and  volume  equations  used  in  its 
compilation.  Ten-foot  or  half-log  height  class- 
es and  full-inch  diameter  classes  were  used 
in  all  tables. 

The  volume  tables  were  derived  from  lin- 
ear regressions  in  V  and  D^H,  of  the  form: 

V  =  a  +  b  D^  H 
where 

V  =  gross  volume  in  the  appropriate  unit 
D  =  diameter  breast  high  outside  bark 

H  =  total  height  in  feet  or  in  standard  logs 

and  half- logs 
a,b  =  regression  constants 


Two  equations  were  used  to  derive  each  table; 
the  relationship  between  V  and  D^  H  could  not 
be  expressed  by  a  single  linear  regression 
over  the  full  range  of  the  basic  data.  Correla- 
tion coefficients  (r)  of  the  12  volume  equa- 
tions ranged  from  0.908  (board  feet  with  total 
height)  to  0.990  (total  cubic  feet). 

The  number  of  logs  in  a  tree  shown  in  the 
tables  is  not  necessarily  the  number  that  will 
actually  be  cut  from  it.  Instead,  it  is  the  num- 
ber of  logs  between  the  stump  and  the  height 
where  minimum  top  diameter  is  reached.  To 
locate  the  minimum  top,  the  4-foot  rule  pre- 
viously explained  under  "Height  in  logs" 
should  be  used. 

Volume  of  nonmerchantable  logs  below  the 
height  of  minimum  top  diameter  should  be  de- 
ducted by  estimation  of  scaling  diameters,  use 
of  taper  tables,  or  according  to  the  percent- 
ages in  table  13.  Volume  must  not  be  reduced 
by  tallying  fewer  logs  in  the  tree.  For  exam- 
ple, assume  that  a  sound  tree  18  inches  in 
diameter  has  a  bole  length  of  65.2  feet  (4  logs) 
between  the  stump  and  the  height  where  di- 
ameter inside  bark  is  8  inches.  The  tree  has 
a  gross  volume  of  364  board  feet  Scribner 
rule  (table  6).  The  top  log  is  too  limby  to  send 
to  the  sawmill.  This  log  contains  8  percent  of 
the  board  feet  in  the  tree  (table  13)  and  the 
other  logs  contain  92  percent.  When  8  per- 
cent or  29  board  feet  is  deducted,  the  tree 
contains  335  board  feet.  If  the  tree  were 
tallied  as  an  18-inch,  3-log  tree,  it  would  be 
incorrectly  credited  with  a  volume  of  275 
board  feet.  Alternatively,  the  top  log  has  a 
scaling  diameter  of  8  inches,  thus  32  board 
feet  (Scribner  log  rule)  could  be  deducted 
from  the  volume  of  an  18-inch,  4-log  tree. 


POINT-SAMPLING  FACTORS 

The  first  five  tables  of  point-sampling  fac- 
tors (tables  3,  5,  7,  9,  11)  give  the  factors  for 
each  of  numerous  combinations  of  tree  diam- 
eter and  height.  Volumes  per  square  foot 
of  basal  area  were  obtained  from  the  equa- 
tions in  the  table  footnotes.  These  equations 
resulted  from  the  division  of  each  volume 
equation  (tables  2,  4,  6,  8,  10)  by  0.005454  D^ , 
a  formula  for  basal  area  (B). 
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Table  12  was  derived  from  the  other  tables 
of  point- sampling  factors.  The  factor  for  each 
height  class  is  the  weighted  average  of  the 
factors  in  that  class  given  in  table  2,  4,  6,  8, 
or  10.  Weights  were  obtained  from  random 
samples  of  heights  and  diameters  in  stands  of 
commercial  lodgepole  pine  in  Colorado  and 
Wyoming. 

Point- sample  cruising  for  volume  can  be 
done  in  several  ways: 

1.  Diameters  and  heights  of  trees  counted 
through  the  prism  or  relascope  may  be 
measured, 

2.  Diameters  may  be  estimated  and  heights 
measured,  or 

3.  Heights  of  the  counted  trees  may  be  meas- 
ured and  no  record  made  of  tree  diameters. 

The  procedure  selected  will  depend  on  the  ac- 
curacy desired  (relative  accuracy  usually  in 
the  order  listed  above)  and  the  time  and  per- 
sonnel available  for  the  job.  Point- sampling 
factors  are  provided  for  each  alternative. 

The  diameter  and  height  of  each  counted 
tree  may  be  measured  and  a  volume  conver- 
sion factor  selected  for  each  combination  of 
diameter  and  height  (tables  3,  5,  7,  9,  11), 
Volume    per    acre    is    computed   as   follows: 


1.  Multiply  the  number  of  counted  trees  in 
each  diameter-height  class  by  the  point- 
sampling  factor  for  the  class. 

2.  Total  the  products  of  step  one. 

3.  Multiply  this  total  by  the  basal  area  factor 
of  the  prism  or  other  angle  gage  used. 

4.  Divide  the  product  of  step  three  by  the 
number  of  points  sampled  on  the  tract. 

Time  can  often  be  saved  if  the  heights  of 
the  counted  trees  are  measured  while  diame- 
ters are  estimated  and  tallied  by  broad  diam- 
eter classes.  Inspection  of  the  tables  shows 
that  volumes  per  square  foot  of  basal  area 
often  do  not  differ  greatly  among  trees  of  a 
single  height  class.  For  example,  the  mer- 
chantable volumes  of  trees  70  feet  tall  vary 
from  29.6  to  33.8  cubic  feet  per  square  foot 
over  a  range  in  diameter  of  5  to  24  inches 
(table  3),  Board  feet  per  square  foot  of  basal 
area    changes  little  with  diameter  when  tree 


heights  are  measured  in  logs  (tables  7,  11). 
Therefore,  the  increased  time  spent  measur- 
ing diameters  may  not  result  in  any  material 
increase  in  accuracy. 

Measurement  of  heights  with  no  record 
made  of  diameters  is  recommended  when 
there  is  little  change  in  volumes  per  square 
foot  within  a  height  class.  Point- sampling 
factors  in  table  12,  based  on  height  only,  will 
be  most  useful  where  the  distributions  of  di- 
ameters within  height  classes  approximate 
those  used  in  preparation  of  the  tables.  Differ- 
ences in  the  relationship  between  height  and 
diameter  due  to  differences  in  site  quality  or 
stand  density  may  change  the  factor  for  each 
height  class.  These  changes  may  be  accounted 
for  by  computing  new  factors  for  each  height 
class,  using  table  3,  5,  7,  9,  or  11  and  almost 
the  same  procedure  used  to  derive  a  local 
volume  table  from  a  standard  table  (Chapman 
and  Meyer,  1949).  Diameters  are  plotted  over 
heights  since  height  will  be  retained  as  the 
measured  variable. 

The  techniques  of  point  sampling  have  been 
described  in  numerous  publications.  A  good 
discussion  of  the  method  was  presented  by 
Bonnett  (1959).  A  simple  procedure  for  de- 
termination of  the  number  of  sampling  points 
(Allen  and  Mogren,  1960)  and  precautions  on 
the  use  of  point- sampling  on  small  tracts 
(Afanasiev,  1958)  have  been  published.  Basic 
American  references  were  prepared  by 
Grosenbaugh  (1952,  1955,  1958). 


Percentage  of  Tree  Board- Foot 
Volume  in  Each  Log 

The  board-foot  volume  in  each  log-quality 
class  or  the  volume  in  cull  logs  can  be  deter- 
mined with  the  percentages  from  table  13. 
Each  line  in  the  body  of  the  table  gives  the 
distribution  of  volume  among  the  logs  of  a 
tree  of  specified  diameter  and  merchantable 
length.  For  example,  in  18-inch,  3-log  trees, 
the  butt  log  contains  55  percent  of  the  board 
feet,  the  middle  log  contains  33  percent,  and 
the  top  log  12  percent. 

Percentages  for  diameters  that  are  not 
included  in  table  13  can  be  obtained  by  inter- 
polation. 
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Table   1.  --Volumes  of  entire  stem  in  cubic  feet, 
lodgepole  pines  in  Colorado  and  Wyoming 
Cubic  feet  inside  bark 
Entire  stem  including  stump  and  top 


Total  height  above  ground 


Diameter 
breast  height 

Total     h 

eight     in 

feet 

Basis: 

outside  bark 
(inches) 

30 

40 

50 

60 

70 

80 

90 

IOC 

) 

Trees 

0. 

Q 

-ubic  feet 

5.91 

8.  24 
11.0 

3 

9 

9 

2 

55 

0.72 

1.  73 

3.  40 

16.  1 

26. 

6 

34. 
39. 

45. 

0 

3 

1. 
1. 
Z. 

3. 

4. 

05 
71 
55 

55 
71 

1.  39    1 

2.28 

3.39 

4.  72 
6.28 
8.05 
10.  1 

12.  3 
14.  7 

6 

4 

2.  84 
4.  23 

5.89 
7.  84 
10.  1 
12.6 

15.  3 
18.4 
21.  7 
24.  7 

28.  0 
31.  5 

22 

5 

6 
7 

5.  07 

7.  07 
9.40 
12.  1 
15.  1 

18.  4 
22.0 
25.  3 
28.  9 

32.9 
37.  1 

41.  5 
46.  3 

33 

25 
34 

8 

6. 
7. 

9. 

11 

05 
55 

21 
0 

14.  1 
17.6 

21.4 
25.0 
29.  0 
33.2 

37.8 
42.7 
47.9 
53.  4 

59.3 

45 

9 
10 

20.  3 

24.  0 
28.  1 
32.6 
37.4 

42.  7 
48.  3 
54.2 
60.6 

67.  3 

59 
101 

11 

31. 
36. 

41. 

47. 

2 
2 
7 

6 

93 

12 
13 

17.4 
20.  4 

23.  1 
25.9 

69 
32 

14 

52. 

5 

20 

15 

53. 

9 

59. 
66. 

5 
9 

9 

16 

35.2 
39.2 

60. 
67 

75. 
83. 

6 
7 

3 
3 

20 

17 

74. 

9 

1  1 

18 

51.  3 

83. 

92. 
101 
1  11 

122 
132 
143 
155 

3 

1 

12 

19 

56.7 

65.  5 
72.0 
78.  9 

74.  4 

2 

20 

62.2 
68.  1 

81.  8 
89.  7 

97.9 
106 
115 

91 

6 

1 

21 

100 

2 

22 

74.  3 

86.  1 
93.6 

110 
119 
129 
140 

5 

2J 

80.  7 

4 

24 

101 

1 

25 

125 

0 

Basis: 
No.    trees 

14 

64 

136 

176 

126 

73 

15 

2 

606 

Block  indicates  extent  of  basic  data. 

Derived  from  V   =  0.  002777  D^  H    +    0.  027967,    for  D^  H  to  7,  000. 

V   =    0.  002332  D^H    +    3.  446454,    for  D^  H  larger  than  7,  000. 

Standard  errors  of  estimate:   +  7.  70  percent;  +8.17  percent. 

Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 


Table  2.  --Merchantable  volumes  in  cubic  feet  to  a  4.0-inch  top, 
lodgepole  pines  in  Colorado  and  Wyoming 
Cubic  feet  inside  bark  Top  diameter  4.  0  inches  inside    bark 

Merchantable  stem  excluding  stump  and  top  Stump  height   1.  0  foot 


Block  indicates  extent  of  basic  data. 

Derived  from    V   =    0.  002798  D^H    -    1 .  045780,    for  D^  H  to  7,  000. 

V   =    0.  002256  D^H    +   2.  836222,    for  D^  H  larger  than  7,  000. 

Standard  errors  of  estimate:    +  9.28  percent;    +  8.  77  percent. 

Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 


Diameter 
breast  height 

T  Ota 

1     h 

eight     in     feet 

Basis 

outside  bark 
(inches) 

30 

40 

50 

60 

70 

80 

90 

100 

Trees 

-    - 

-   - 

-   -  C 

^ubic  feet 

4.88 
7.23 
9.97 

15.  1 

25.2 

5 
6 
7 

1. 

2 

3 

49 
50 
68 

2.34 
3.68 
5.25 
7.04 

9.06 
11.3 
13.8 

3.  19 
4.86 
6.82 
9.06 

11.6 
14.4 
17.  5 
20.5 

23.4 
26.6 
29.9 

4. 

6. 

8. 

11. 

14. 
17. 
20. 
24. 

27. 
31. 
35. 
39. 

44. 

03 
05 
40 
1 

1 
5 
7 
0 

5 
3 
4 
7 

3 

33 
25 
34 

8 

5. 

6. 

8 

10. 

02 

53 

21 
1 

13.  1 

16.6 
20.2 
23.7 
27.  5 

31.6 
36.0 
40.8 

45.  8 

51.2 
56.9 

45 

9 
10 

19.  1 
22.7 
26.7 
31.0 

35.7 
40.8 
46.2 

52.0 

58.  1 
64.6 

59 
101 

11 

29.7 
34.6 

39.8 

45.  5 

32.7             93 

12 
13 

16.4 

19.  3 
21.8 
24.  5 

38.  1 

44.  0 

69 
32 

14 

50.3 

20 

15 

51.6 

57.0 
64.3 

9 
20 

16 

33.  5 

37.4 
41.  4 
45.7 

58.  1 

65.0 
72.  3 
80.  0 

17 

71.9 

1  1 

18 

49. 

2 

80.  0 

12 

19 

54. 

3 

62.9 
69.2 

75.8 

71.  5 

88.6                 2 

20 

59. 
65. 

7 
4 

78.7 

86.  3 
94.2 

103 

111 

88.2 

97.6                 1 

21 

96.7 

107                     2 

22 

71. 

4 

82.8 
90.0 

106 
115 
125 
135 

117                      5 

23 

77. 

6 

127                     4 

24 

97.6 

138                      1 

25 

120 

150                     0 

Basis: 
No.   trees 

4 

47 

135 

176 

126 

73 

15 

2                 578 

Table  3.  --Merchantable  volumes  in  cubic  feet  per  square  foot  of  basal  area, 
lodgepole  pines  in  Colorado  and  Wyoming 
Cubic  feet  inside  bark  Top  diameter  4.  0  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height   1.0  foot 


Diame 
breast    h 

ter 
eight 
bark 
s) 

T 

o  t  al 

hei 

g  h  t     in 

feet 

outside 
(inche 

30 

40 

50 

60 

70 

80 

90 

100 



-   - 





-    -    - 

-  Cut 

ic  feet   - 

-   - 

5 

9.  1 

14. 

2 

19.  3 

24. 

4 

29.6 

6 

10.9 

16. 

0 

21.1 

26. 

2 

31.  4 

7 

12.0 

r. . 

1 

22.  2 

27. 

4 

32.  5 

8 

12.7 

17. 

9 

23.0 

28. 

1 

33.  3 

38.4 

9 

13.  3 

18. 

4 

23.  5 

28. 

7 

1 
__3A-.8..1 

38.  8 

10 

13.  7 

18. 

8 

23.  9 

_  A% 

9..1 

33.  7 

37.8 

41.  9 

11 

13.9 

19. 

1 

.24._2_  . 

28. 

7 

^2.9 

37.0 

41.2 

45.  3 

12 

19. 

3   i' 

24.0 

28. 

1 

32.  3 

36.4 

40.6 

44.  7 

13 

I 

19. 

4 

23.  5 

27. 

7 

31.  8 

35.9 

40.  I 

44.2 

14 

19 

0 

23.  2 

27. 

3 

31.4 

35.6 

39.7 

43.  8 

15 

18 

7 

22.  8 

27. 

0 

31.  1 

35.  3 

39.  4 

43.  5 

16 

.- 

22.6 

26. 

7 

30.  9 

35.  0 

39.  1 

43.  3 

17 

22.  4 

26. 

5 

30.6 

34.  8 

38.  9 

43.  1 

18 

22.2 

26. 

3 

30.  5 

34.6 

38.  7 

42.  9 

19 

22.0 

26 

2 

30.  3 

34.  5 

38.6 

42.  7 

20 

26. 

1 

30.2 

34.  3 

38.  5 

42.  6 

21 

25 

9 

30.  1 

34.2 

38.  3 

42.  5 

22 

25 

8 

30.  0 

34.  1 

38.  3 

42.  4 

23 

25 

8 

29.  9 

34.  0 

38.2 

42.  3 

24 

29.  8 

34.  0 

38.  I 

42.2 

25 

33.  9 

38.  0 

42.  2 

Derived  from:    V/B    =    0.5130H    -    191.7455/D%    above  dotted  line. 
V/B    =    0.4136H    +    520.0260/D^,    below  dotted  line. 
Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 


Table  4.  --Volumes  in  board  feet  Scribner  Rule, 
lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height   1 .  0  foot 


Diameter 
breast  height 

Total 

height 

i  n 

feet 

Basis: 

outside  bark 
(inches) 

40 

50 

60 

70 

80 

90 

100 

110 

Trees 

Board  feet 


10 
11 

12 
13 

14 
15 
16 
17 

18 
19 
20 
21 

22 
23 

24 
25 


35 
46 

49 
63 
78 
94 

112 
130 
150 
168 

191 

63 

79 

97 

117 

138 
161 
181 
208 

236 
265 
296 
328 

362 

77 

96 
117 
140 

164 
188 
216 
247 

280 

314   [ 
350 
388 

428 
469 

90 
112 
136 
163 

188 
219 
252 
287 

324 

104 
129 
156 
182 

215 
250 
287 
326 

368 

412 

58 
71 

206 

85 

242 

100 

281 

116 

322 

133 

366 

151 

412 

167 

216 
2  42 

363 

461 

404 
448 

493 

540 
590 

458 

513 

269 

507 

567 

558 
612 
667 

623 

398 

683 

512 

745 

641 

72  5 

809 

122 

109 

96 

52 

269 

39 

311 

27 

357 

36 

40  5 

19 

456 

20 

510 

8 

56  7 

4 

626 

5 

689 

5 

754 

4 

822 

1 

893 

2 

Basis: 
No.   trees 


76 


186 


156 


90 


30 


549 


Block  indicates  extent  of  basic  data. 

Derived  from    V   =  0.012535  D^  H  -  20.  190570,    for  D^  H  to   15.000. 

V   =  0.012893  D^H   -  29.245660,    for  D^  H  larger  than   15,000. 

Standard  errors  of  estimate:   +  17.  35  percent;    +  14.60  percent. 

Diameter  classes  full  inch;  e.g.,    20-inch  class  includes  20.  0  to  20.  9. 
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Table   5.  --Volumes  in  board  feet  Scribner  Rule  per  square  foot  of  basal  area, 
lodgepole  pines   in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stumip  height   1.  0  foot 


Diame 
breast  Y 

ter 
leight 
bark 

Tot 

al  h 

eight  in 

feet 

outside 
(inche 

40 

50 

60 

70 

80 

90 

100 

110 

-  -  R 

10 

58 

81 

104 

127 

150 

173 

11 

64 

87 

110 

133 

156 

179 

12 

68 

91 

114 

137 

160 

183 

13 

72 

95 

118 

141 

164 

;   183 
J 

207 

14 

74 

97 

120 

143 

]    164 

187 

21  1 

235 

15 

77 

100 

-_.12AJ 

143 

167 

190 

214 

238 

16 

78 

101   ; 

122 

146 

169 

193 

217 

240 

17 

80 

101 

124 

148 

172 

195 

219 

243 

18 

- 

81 

103 

126 

150 

173 

197 

221 

244 

19 

80 

104 

128 

151 

175 

199 

222 

246 

20 

105 

129 

153 

176 

200 

224 

247 

21 

.- 

107 

130 

154 

178 

201 

225 

248 

22 

131 

155 

179 

202 

226 

249 

23 

132 

156 

179 

203 

227 

2  50 

24 

157 

180 

204 

227 

251 

25 

181 

205 

228 

2  52 

Derived  from:    V/B    :=    2.2983H    -    370 1 .  9747/D^  ,    above  dotted  line. 
V/B    =    2.3640H    -    5362 .  2406 /D^  ,    below  dotted  line. 
Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 
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Table  6.  --Volumes  in  board  feet  Scribner  Rule, 
lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1 .  0  foot 


Diameter 
breast  height 

Number 

of     16- 

foot     1 c 

)gS       to 

8  -  inch 

t  o  p 

Basis: 

outside  bark 
(inches) 

1.0 

1.  5 

2.0 

2.  5 

3.0 

3.  5 

4.0 

4.  5 

5.0 

Trees 

-    - 

-    -   -    - 

-   -    -   - 

-  Board  1 

ff^f^i           -     _ 

132 

149 

255 
289 

10 

42 

56 
64 
73 
83 

94 

70 

81 

93 

107 

121 
136 

152 
170 

188 
208 

84 

98 

113 

130 

148 
167 
187 
209 

232 
2  56 
282 
308 

98 
115 
133 

153 

174 
197 
222 

248 

275 
304 

122 

11 

47 
53 
60 

109 

12 
13 

14 

153 
176 

201 
228 
257 
287 

319 
354 
390 
42  9 

46  9 
511 

173 
200 

228 

96 
52 

39 

15 

106 

259 

27 

16 

118 

291 
326 

364 

326 
366 

362               36 

17 

131 

406                19 

18 

409 

453                20 

19 

404 

453 

503                  8 

20 

228 
249 

335 

445 
489 

536 

584 
634 
686 

500 
550 

602 
6  56 
713 
772 

556                  4 

21 

368 
403 

611                   5 

22 

337 

668                  5 

23 

439 

728                   4 

24 

555 
601 

791 

1 

25 

857 

2 

Basis: 
No.    trees 

9 

75 

155 

150 

82 

46 

28 

3 

1              549 

Block  indicates  extent  of  basic  data. 

Derived  from    V    =    0.255015  D^  H    +    13.620940,    for  D^  H  to   1,  100. 

V   =    0.261983  D^H    +    5.030200,    for  D^  H  larger  than   1,  100. 

Standard  errors  of  estimate:     +   1  3.  28  percent ,    +   10.  69  percent. 
Dianneter  classes  full  inch;  e.  g.    20-inch  class  includes  20.  0  to  20.  9. 
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Table  7,  --Volumes  in  board  feet   Scribner  Rule  per  square  foot  of  basal  area, 
lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

N 

umber 

of  16- 

■foot  logs 

to   8  -  i  nc  h 

top 

outside  bark 
(inches) 

1.0 

1.  5 

2.  0 

2.  5 

3.0 

3.  5 

4.  0 

4.  5 

5.0 

69 

93 

116 

140 

-  Board  feet 
163 

10 

11 

66 

89 

112 

136 

159 

183 

206 

12 

63 

86 

109 

133 

156 

180 

203 

13 

60 

84 

107 

131 

154 

177 

201 

14 

82 

105 

129 

152 

176 

199 

222 

15 

81 

104 

127 

151 

174 

197 

221 

16 

79 

103 

126 

149 

173 

196 

j   220 

244 

17 

78 

102 

125 

148 

172 

!   195 

1 

219 

243 

18 

101 

124 

148   ; 

171 

195 

219 

243 

19 

100 

123 

!   147 

171 

195 

219 

243 

20 

99 

123 

;    146 

170 

194 

218 

242 

21 

99 

:      ^^^ 

146 

170 

194 

218 

242 

22 

122 

146 

170 

194 

218 

242 

23 

146 

170 

194 

218 

242 

24 

170 

194 

218 

242 

25 

170 

194 

218 

242 

Derived  from    V/B    =    46.  7574  H    +   2497.  422  1 /D^  ,    above  dotted  line. 
V/B    =    48.  0350  H    +    922.2956/d2,    below  dotted  line. 

Diameter  classes  full  inch;e.  g.  ,    20 -inch  class  includes  20.  0  to  20.  9. 
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Table  8.  --Volumes  in  board  feet  International   1/4  inch  Rule, 
lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

Total  height  in 

feet 

Basis: 

outside  bark 
(inches) 

40 

50 

60 

70        80 

90 

100 

110 

Trees 

Board  feet 


10 
1  1 
12 
13 

14 
15 
16 
17 

18 
19 
20 
21 

22 
23 
24 
25 


40 
54 

57 

74 

92 

111 

132 
155 
179 
204 

229 

74 
94 

115 
139 

164 
191 
219 
247 

276 
308 
341 
375 

412 

90 
113 
139 
166 

196 
225 
256 
289 

323 

360   [ 
399 
439 

482 
526 

107 
133 
162 
194 

225 
258 
294 
331 

371 

124 
153 
186 
219 

254 
291 
331 
373 

418 
46  5 

68 
84 

245 

101 

283 

119 

324 

138 

368 

159 

415 

180 

46  5 

1  203 

255 
283 

412 

517 

457 
503 

551 
602 
655 

514 

572 

312 

566 

630 

621 

678 
737 

691 

450   [ 

754 

572 

820 

710 

799 

889 

122 

109 

96 

52 

312 

39 

357 

27 

406 

36 

457 

19 

512 

20 

569 

8 

630 

4 

694 

5 

760 

5 

830 

4 

903 

1 

978 

2 

Basis: 
No.   trees 


76 


186 


156 


90 


30 


549 


Block  indicates  extent  of  basic  data. 

Derived  from    V    =    0.  0  1  5097  D^  H    -    26  .  287820  ,    for  D^  H  to   1  5,  000. 

V   =    0.013766  D^H    -      6.  309990.   for  D^  H  larger  than  1 5,  000. 

Standard  errors  of  estimate:    +    17.  53  percent;    +    14.  34  percent. 

Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 
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Table  9. --Volumes  in  board  feet  International   1 /4-inch  Rule  per  square  foot  of  basal  area, 

lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.0  foot 


Diameter 
breast  height 

Total  he 

L  gh  t  in 

feet 

outside  bark 
(inches) 

40 

50 

60 

70 

80 

90 

100 

110 

10 

67 

95 

122 

150 

178 

205 

11 

74 

102 

130 

157 

185 

213 

12 

80 

108 

135 

163 

191 

218 

13 

84 

112 

140 

167 

195   ; 

t 

221 

246 

14 

88 

115 

143 

^.ilL.J 

196 

222 

247 

2  72 

15 

91 

118 

146 

.r  172 

197 

222 

248 

273 

16 

93 

..i2L_.; 

147 

172 

198 

223 

248 

273 

17 

95 

122 

148 

173 

198 

223 

249 

274 

18 

...9J..J 

123 

148 

173 

199 

224 

249 

274 

19 

98 

123 

148 

174 

199 

224 

249 

275 

20 

123 

149 

174 

199 

224 

2  50 

275 

21 

124 

149 

174 

199 

225 

2  50 

275 

22 

149 

174 

200 

225 

2  50 

275 

23 

149 

175 

200 

225 

250 

2  76 

24 

175 

200 

225 

250 

2  76 

25 

200 

225 

251 

2  76 

Derived  from:     V/B    =    2.7681H    -    4819.9157/D    ,    above  dotted  line. 
V/B    =    2.  5240H    -    1  1  56  .  9472 /D^  ,    below  dotted  line. 
Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 
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Table   10.  --Volumes  in  board  feet  International   1/4-inch  Rule, 
lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1.  0  foot 


Diameter 
breast  height 

N 

umber 

of  16 

-foot  ] 

o  g  s  to 

8  -  inc 

h  top 

Basis: 

outside  bark 
(inches) 

1.0 

1.  5 

2.0 

2.  5 

3.0 

3.  5 

4.0 

4.  5 

5.0 

Trees 

-  - 

-  -  -  - 

-  -  -  - 

Board  fe 

f>t      _ 

156 

175 

301 
338 

10 

49 

66 
76 
87 
98 

1  11 

82 

96 

110 

126 

143 
161 
180 
201 

222 

245 

99 
116 
134 
153 

174 
197 
221 
247 

274 
302 
330 

358 

116 
136 
157 
181 

206 
233 
262 
293 

324 
354 
387 
421 

457 

122 

11 

56 
63 
71 

109 

12 
13 

14 

181 
208 

238 
269 
303 
336 

370 
406 
444 
484 

525 

56  9 

204 
236 

269 

96 
52 

39 

15 

125 
139 

306 

27 

16 

340 
377 

416 

377 

419 

414       36 

17 

154 

460       19 

18 

46  3 

509      20 

19 

457 

509 

560       8 

20 
21 

269 
295 

501 
546 

594 
644 
696 
750 

558 
609 

662 
718 
777 

838 

614       4 
671        5 

22 

388 

731        5 

23 

494 

793       4 

24 

614 
662 

858 

1 

25 

926 

2 

Basis: 
No.  trees 

9 

75 

155 

150 

82 

46 

28 

3 

1      549 

Block  indicates  extent  of  basic  data. 

Derived  from   V   =    0.  301244  D^  H   +    16.  069730,   for  D^  H  to  1 ,  000. 

V   =    0.270735  D^H    +    45.  578690,    for  D^  H  larger  than   1,000. 

Standard  errors  of  estimate:     +   13.  50  percent;  +  10.23  percent. 

Diameter  classes  full  inch;  e.  g.  ,   20-inch  class  includes  20.  0  to  20.  9. 
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Table  11.  --Volumes  in  board  feet  International  1/4-inch  Rule  per  square  foot  of  basal  area, 

lodgepole  pines  in  Colorado  and  Wyoming 
Board  feet  inside  bark  Top  diameter  8  inches  inside  bark 

Merchantable  stem  excluding  stump  and  top  Stump  height  1 .  0  foot 


Diameter 
breast  height 

Num 

b  e  r  of 

16  - 

foot  logs 

to  8 

-inch 

top 

outside  bark 
(inches) 

1.0 

1.  5 

2.  0 

2.  5 

3.0 

3.  5  - 

4.0 

4.  5 

5.0 

10 

82 

110 

137 

165 

192 

11 

78 

105 

133 

160 

188 

216 

243 

12 

74 

102 

129 

157 

185 

212 

240 

13 

71 

99 

127 

154 

182 

209 

237 

14 

97 

124 

152 

180 

207 

235 

263 

15 

95 

123 

150 

178 

206 

233 

!   258 

16 

94 

121 

149 

177 

204   i 

229 

2  54 

279 

17 

92 

120 

148 

175  r 

201 

226 

251 

275 

18 

119 

147 

!   173 

198 

223 

248 

273 

19 

118 

146 

J   171 

196 

221 

245 

270 

20 

117  ;"■ 

144 

169 

194 

218 

243 

268 

21   • 

117  ; 

142 

167 

192 

217 

241 

266 

22 

141 

165 

190 

215 

240 

265 

23 

164 

189 

214 

239 

263 

24 

188 

212 

237 

262 

25 

187 

211 

236 

261 

Derived  from  V/B    =    55.2336  H   +   2946.  41 18/D^  ,   above  dotted  line. 
V/B    =   49.6397  H   +   8356.  9289/D^  ,   below  dotted  line. 
Diameter  classes  full  inch;  e.  g.  ,    20-inch  class  includes  20.  0  to  20.  9. 


Table   12.  --Tree  volumes  per  square  foot  of  basal  area  by  tree  height  classes  only, 
lodgepole  pines  in  Colorado  and  Wyoming 


Board  feet 

Board 

feet 

Tree  he 

Lght 

Merchantable 
cubic  feet 

Tree  hei 
(logs) 

ght 

(feet) 

Scribn 

er 

Int 

ernational 

Scribner 

Int 

ernational 

30 

10.  3 

1.0 

68 

80 

40 

15.9 

67 

78 

1.5 

91 

108 

50 

22.9 

87 

103 

2.0 

112  . 

132 

60 

28.3 

113 

134 

2.  5 
3.0 

133 

153 

156 
179 

70 

32.  5 

138 

163 

3.  5 

174 

203 

80 

36.1 

163 

192 

4.0 

196 

226 

90 

39.8 

190 

221 

4.  i; 

219 

250 

100 

43.  5 

219 

250 

5.0 

242 

275 
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Table  13.  --Percentage  of  total  board -foot  volume  in  each  log  of  a  tree, 
lodgepole  pines  in  Colorado  and  Wyoming 


Diameter  breast 

height  outside 

bark  (inches)  and 

tree  height  (logs) 


Position     of     log     in     the     tree 


1.  0 


1.  5 


2.0 


2.  5 


3.  0 


3.  5 


4.  0 


4.  5 


5.0 


Trees    10  inches  d.b.h.: 

1.0  100 

1.  5  72 

2.  0  58 

2.  5  48 
3.0  41 

3.  5  36 

Trees   14  inches  d.b.h.  : 

1.  5  76 
2.0  65 
2.5  55 
3.0  47 
3.5  41 
4.0  37 

Trees    18  inches  d.b.h.: 

2.0  75 

2.  5  64 
3.0  55 
3.5  47 
4.0  42 

4.  5  38 

Trees  22  inches  d.b.h.  : 


75 
61 
50 
45 
41 
38 


28 


24 


42 
36 
31 
27 


35 
34 
33 
31 
30 


25 
29 
33 
32 
29 
25 


20 
28 
32 
29 
26 
25 


Percent  of  total  tree  volume 


16 


28 
25 


12 


11 


20 
21 
22 


12 
16 
21 
25 


11 
14 
20 
21 
22 


11 


6 

9 
12 
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SNOW  AVALANCHES 
ALONG  COLORADO  MOUNTAIN  HIGHWAYS 


by 
Hans  Frutigeri 
Rocky  Mountain  Forest  and  Range  Experiment  Stations 


^  Forest  Engineer,  Swiss  National  Institute  for  Snow  and  Avalanche  Research,  Davos, 
Switzerland.  The  author,  on  leave  of  absence,  was  employed  by  Colorado  State  University 
for  this  cooperative  project  with  the  Rocky  Mountain  Forest  and  Range  Experiment  Station. 

2  Central  headquarters  maintained  in  cooperation  with  Colorado  State  University  at 
Fort  Collins. 
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Snow  Avalanches  Along  Colorado  Mountain  Highways 


by 
Hans  Frutiger 


SCOPE  OF  THE  REPORT 

One  of  the  first  steps  in  any  avalanche  control  program 
is  to  inventory  and  assess  problem  areas.  Since  a  complete 
inventory  of  all  the  avalanches  in  Colorado  is  not  feasible 
at  this  time,  four  mountain  passes  were  chosen  for  study.^ 
Two  of  the  areas,  Highways  40  across  Berthoud  Pass  and  6 
over  Loveland  Pass,  are  in  the  Front  Range  of  central 
Colorado;  the  others.  Highways  160  over  Wolf  Creek  Pass 
and  550  over  Red  Mountain  Pass,  are  in  the  San  Juan  Moun- 
tains of  southwestern  Colorado.  These  four  areas  form  a 
representative  sample  of  the  avalanche  problems  in  the 
Colorado  mountains.  A  discussion  of  avalanche  character- 
istics and  control  possibilities  in  the  study  area  will  give 
general  information  that  should  be  helpful  in  planning 
avalanche  control  measures  based  on  practices  currently 
used  in  central  Europe. 

The  intent  of  this  report  is  twofold:  (1)  to  give  a  gener- 
alized picture  of  avalanches  in  the  mountains  of  Colorado, 
their  number,  frequency,  size,  general  configuration,  and 
structural  control  possibilities;  and  (2)  to  identify,  locate, 
and  illustrate  the  avalanches  in  the  four  areas  chosen  for 
study. 

Structural  control  possibilities  described  here  are  based 
on  current  practices  in  central  Europe.  For  our  purposes, 
the  following  control  possibilities  will  be  considered: 

1.    Supporting    structures   in  the  starting  zone:   These  are 
concrete  and  metal  snow  bridges  (Schneebrucke),  snow 

^Quadrangle  maps  of  the  U.  S.  Geological  Survey  have 
been  used  to  shou  locations  of  the  avalanches. 


rakes  (Schneerechen),  and  snow  nets  (Lawinennetze). 
Such  structures  prevent  avalanches  from  starting  be- 
cause they  literally  support  the  snow  cover  in  the 
starting  zone. 

2.  Structural  control  in  the  track  or  runout  zone:  Retard- 
ing, deflecting,  and  catching  structures  intended  to  slow 
down,  deflect,  or  stop  avalanches  in  the  runout  zone  or 
the  lower  part  of  the  avalanche  track.  These  are  usually 
massive  earthen  mounds  or  dams.  They  are  often 
armored  on  the  uphill  side  with  concrete  or  masonry. 

3.  Direct  protection  structures:  These  are  primarily  ava- 
lanche sheds.  Such  structures  carry  the  avalanches  over 
the  road  without  interrupting  traffic.  Large  earthen 
catchment  dams  near  the  road  are  also  considered  in 
this  category. 

Avalanches  along  Colorado  highways  are  currently  con- 
trolled by  the  use  of  explosives.  Artillery  shells  fired  into 
the  starting  zones  either  stabilize  the  snow  in  place  or  re- 
lease avalanches  at  a  time  when  highway  crews  are  ready 
to  clear  the  road.  This  system  has  proven  effective  in  most 
cases, ■*  and  it  is  not  certain  whether  structural  controls 
would  be  better.  Of  course,  each  control  system  has  its  ad- 
vantages and  disadvantages.  The  use  of  explosives  to  con- 
trol avalanches  permits  the  use  of  existing  crews  and  equip- 
ment at  a  low  annual  cost.  Explosives  are  no  protection  to 
the  roads  during  heavy  storms,  however,  and  the  roads  are 
often  closed  by  slides.  This  technique  also  perpetuates  and 

^  Miles,  George  N.  Snou  removal.  9  pp.  Paper  presented 
by  Colo.  Dept.  Highways,  47th  Ann.  Mtg.,  Amer.  Assoc.  State 
Highway  Officials,  Denver,   Oat.    1961. 


accentuates  the  avalanche  paths.  Structural  control,  on  the 
other  hand,  maybe  very  expensive  initially,  but  well  designed 
structural  control  gives  protection  for  a  number  of  years, 
and  in  many  cases  provides  an  opportunity  to  reestablish 
a  forest--one  of  the  best  avalanche  defenses  known. 

When  structural  avalanche  control  is  begun,  the  first 
efforts  should  be  concentrated  in  areas  where  there  is  no 
question  about  the  type  of  structure  touse.  After  experience 
has  been  gained  on  how  avalanche  defense  systems  work  in 
such  places,  the  more  difficult  and  questionable  areas  can 
be  treated.  As  an  illustration,  the  STANLEY  avalanche  near 
Berthoud  Pass  starts  in  a  relatively  small  catchment  basin. 
It  spreads  over  a  wide  area  and  crosses  the  highway  twice 
in  its  course  down  the  mountain.  There  is  not  enough  room 
for  diversion  or  retarding  structures  above  the  road.  To 
protect  both  limbs  of  the  switchback,  2,000  to  3,000  feet  of 
avalanche  shed  would  be  needed.  On  the  other  hand,  support- 
ing structures  could  be  built  in  the  starting  zone  since  the 
catchment  basin  is  well  defined  and  easily  accessible.  In 
this  case,  stabilization  of  the  starting  zone  would  undoubt- 
edly be  the  most  economical  procedure.  Afforestation  in  the 
lower  parts  of  the  avalanche  area  would  make  defense  work 
more  efficient. 


Field  data  were  gathered  during  the  winter  of  1961-62 
and  the  following  summer.  Direct  observations  were  facil- 
itated and  augmented  by  discussions  with  Colorado  State 
Highway  personnel.  Comments  in  the  description  section 
of  this  report  on  snow  conditions  in  the  starting  zones  of 
the  avalanches  have  been  kept  short.  One  winter's  obser- 
vations are  not  enough  to  permit  very  definite  statements. 
Detailed  winter  observations  will  be  needed  in  any  area 
where  structural  controls  are  contemplated.  Schaerer's'' ® ' 
reports  are  good  examples  of  the  type  of  planning  needed 
to  integrate  avalanche  control  measures  into  the  construction 
and  maintenance  of  a  mountain  highway. 

Avalanche  names  used  in  this  report  are  those  used  by 
the  local  people.  Names  were  selected  for  the  few  avalanches 
that  had  none.  In  a  few  cases,  avalanches  shown  on  the 
sketch  maps  of  the  Highway  Department  could  not  be  located 
in  the  field;  these  were  omitted  from  this  report. 

The  designation  Red  Mountain  Pass  as  used  here  includes 
two  sections  of  Highway  550  that  are  topographically  sep- 
arated from  Red  Mountain  Pass  proper.  These  are  Coal 
Bank  Hill  from  Cascade  Creek  to  Lime  Creek,  and  Molas 
Divide  from  Lime  Creek  to  Silverton. 


EAST  RIVERSIDE  avalanche  on  Red  Mountain  Pass,  on 
the  other  hand,  is  a  classic  example  of  a  situation  where  an 
avalanche  shed  or  a  tunnel  is  the  obvious  solution.  The  snow 
masses  start  in  a  big  catchment  basin  and  are  well  chan- 
nelized in  the  narrow  gully  of  Curran  Gulch.  About  1,000 
feet  of  avalanche  shed  or  tunnel  would  completely  protect 
the  highway  from  both  the  EAST  RIVERSIDE  and  WEST 
RIVERSIDE  avalanches  (see  map  p.  62).  The  starting  zone 
of  these  two  avalanches  totals  225  acres  (90  hectares).  All 
of  this  area  lies  at  high  altitudes  and  is  accessible  only  with 
great  difficulty. 

Further  discussion  of  the  principles  of  structural  ava- 
lanche control  is  given  in  two  publications'  ''  available  from 
the  Rocky  Mountain  Forest  and  Range  Experiment  Station, 
Fort  Collins,  Colorado. 


5  Federal  Inspection  of  Forests,  Berne,  Switzerland. 
Avalanche  control  in  the  starting  zone:  guidelines  for  the 
planning  and  design  of  permanent  supporting  structures. 
Translated  by  Hans  Frutiger  in  Sta.  Paper  71,  60  pp.,  illus. 
1962. 

^  Frutiger,  Hans.  Planning  structural  control  of  ava- 
lanches.     (Being  reviewed  for  publication) . 

■^  Schaerer,  P.  Avalanche  defences  for  the  Trans-Canada 
highway  at  Rogers  Pass.  Canada  Natl.  Res.  Coun.  Div.  Bldg. 
Res.    Tech.    Paper  141,    35  pp.,   illus. 

^  Schaerer,  P.  The  avalanche  hazard  evaluation  and  pre- 
diction at  Rogers  Pass.  Canada  Natl.  Res.  Coun.  Div.  Bldg. 
Res.    Tech.    Paper  142,    32  pp.,    illus. 

'  Schaerer,  P.  Planning  avalanche  defence  works  for  the 
Trans-Canada  highway  at  Rogers  Pass,  B.  C.  Canada  Natl. 
Res.    Coun.   Div.    Bldg.   Res.   Res.    Paper  152,    12  pp.,   illus. 


AN  AVALANCHE  CLASSIFICATION  SYSTEM 


Bankslides 


In  this  section,  avalanches  are  classified  into  a  few  types 
based  on  size,  frequency,  and  terrain  conditions,  since  these 
criteria  are  important  for  planning  structural  avalanche 
control. 

Small  avalanches  that  run  after  or  during  each  snow- 
storm are  more  troublesome  than  large  ones  that  run  only 
at  long  intervals.  On  the  other  hand,  after  a  large  avalanche 
has  run,  it  takes  more  effort  to  clear  and  reopen  the  high- 
way. While  frequency  and  size  determine  the  seriousness 
of  a  given  avalanche,  terrain  conditions  determine  the  pos- 
sibilities of  structural  control.  A  small  avalanche  can  be  as 
hazardous  as  a  large  one--it  makes  no  difference  to  the 
people  involved  if  they  are  suffocated  in  a  big  or  a  small  snow 
mass.  The  cost  of  snow  removal  and  especially  of  structural 
control  is  very  much  dependent  upon  size.  It  should  be  em- 
phasized, however,  that  a  small  avalanche  may  be  the  in- 
direct cause  of  a  great  disaster  because  traffic  stopped  by 
a  small  slide  at  an  unsafe  spot  maybe  exposed  to  the  hazard 
of  other  avalanches. 

Size  Classification 

As  used  here,  size  refers  to  the  extent  of  the  starting 
zone  and  not  to  the  amount  of  snow  brought  down  by  the  ava- 
lanche. The  general  area  of  the  starting  zone  is  constant; 
the  amount  of  snow  that  slides  varies  greatly  with  the  actual 
avalanching  conditions.  Even  in  the  starting  zone,  there  are 
usually  big  patches  that  are  safe  and  do  not  slide.  Thus  size, 
estimated  from  large-scale  maps,  is  only  a  rough  figure 
that  indicates  the  order  of  magnitude  rather  than  an  ac- 
curate surface  area.  In  all  cases,  the  size  given  is  prob- 
ably the  upper  limit  of  the  starting  zone. 

A  rough  estimate  of  the  costs  necessary  to  control  an 
avalanche  in  its  starting  zone  can  be  determined  from  the 
size  of  the  avalanche.  In  Switzerland,  experience  has  shown 
that  it  costs  1  million  Swiss  francs  ($250,000)  to  control  a 
catchment  basin  of  10  acres  (4  ha). 


Bankslides  as  defined  here  start  in  the  immediate  prox- 
imity of  the  highway  and  have  a  track  less  than  160  feet  (50 
meters)  long.  They  occur  rather  frequently  and  cause  a 
great  deal  of  trouble  for  snow  removal  crews,  but  they  are 
not  very  dangerous  to  traffic.  The  most  effective  counter- 
measures  depend  on  the  particular  slide.  Sometimes  sup- 
porting structures  like  those  proposed  for  the  starting  zone 
of  avalanches  could  be  used.  Other  situations  might  require 
better  stabilization  of  the  cut  bank  with  walls,  wire  netting, 
and  later  planting  to  vegetation. 


Small  avalanches 

Small  avalanches- -those  with  a  starting  zone  of  7  acres 
(3  ha)  or  less--often  lie  below  timberline.  In  almost  all 
cases,  control  by  supporting  structures  in  the  starting  zone 
is  possible  and  economical. 


Medium  avalanches 

Avalanches  with  starting  areas  between  7  and  30  acres 
(3  and  12  ha)  are  classed  as  medium  sized.  In  this  size 
class,  the  nature  of  the  terrain  determines  how  easily  the 
avalanche  can  be  controlled  by  structures  in  the  starting 
zone. 


Large  avalanches 

Avalanches  with  more  than  30  acres  (12  ha)  of  starting 
area  are  classified  as  large.  Only  under  the  most  favorable 
or  special  conditions  should  control  in  the  starting  zone  be 
tried  for  this  size  avalanche.  Good  examples  of  this  class 
are  WEST  RIVERSIDE  and  EAST  GUADALUPE,  both  on 
Highway  550  and  both  with  catchment  basins  of  150  acres 
(60  ha). 


Frequency  Classification 

Hazard  increases  rapidly  with  density  of  traffic  and  fre- 
quency of  avalanches.  Therefore,  the  frequency  of  occurrence 
is  a  very  important  criterion  for  avalanche  classification. 
In  recent  years,  avalanche  hazard  on  mountain  highways 
has  increased  rapidly  because  of  winter  sports.  Traffic  is 
densest  at  the  time  avalanches  are  to  be  expected.  The  more 
cars  underway  during  an  avalanche  cycle,  the  greater  the 
probability  that  a  car  will  be  hit.  It  should  be  pointed  out 
that  it  takes  time  to  release  and  clean  up  an  avalanche  with 
explosives,  and  during  this  time  traffic  is  stopped.  Where 
traffic  is  light,  this  might  be  practical;  with  heavy  traffic, 
however,  this  procedure  becomes  questionable. 

The  following  frequency  classification  distinguishes  be- 
tween avalanches  that  in  the  words  of  the  highway  main- 
tenance crews  "give  much  trouble"  and  others  that  "give 
little  trouble."  The  frequency  classifications  assigned  to 
specific  avalanches  in  the  following  sections  may  be  sub- 
ject to  criticism  and  later  revision  since  they  are  based 
on  limited  information. 


traffic  for  a  longer  time  than  the  more  frequent  ones,  since 
they  usually  bring  down  rocks,  trees,  and  other  debris  that 
make  cleaning  the  highway  a  slow  job.  This  class  of  ava- 
lanche runs  too  frequently  to  be  ignored,  yet  not  frequently 
enough  to  justify  a  great  expenditure  for  control.  Terrain 
conditions  will  usually  determine  whether  or  not  structural 
control  is  economically  feasible. 


Erratic  avalanches 

Avalanches  that  run  to  the  highway  no  more  often  than 
once  in  7  to  10  years  are  called  erratic  avalanches.  The 
term  "seldom"  was  intentionally  avoided  in  describing  the 
frequency  of  these  avalanches,  even  though  they  may  not  run 
for  decades.  It  is  quite  possible  that  severe  avalanche  con- 
ditions will  develop  in  several  succeeding  winters.  In  this 
case,  such  avalanches  may  run  several  times  in  a  short 
span  of  years.  The  frequency  of  intermittent  avalanches 
can  be  estimated  from  the  vegetation  in  their  tracks.  When 
such  slides  do  run,  they  usually  run  big  and  often  bring  a 
mass  of  debris  down  to  the  road. 


Frequent  avalanches 

An  avalanche  is  classified  as  frequent  when  it  runs  during 
or  after  each  medium  to  large  snowstorm;  in  other  words, 
an  avalanche  that  runs  once  to  several  times  a  winter  is 
called  frequent.  Because  they  run  so  often,  the  track  is 
usually  clean  and  such  avalanches  normally  bring  no  debris 
to  the  road.  This  means  the  highway  can  be  reopened  soon 
after  the  slide  has  run.  Avalanches  that  are  frequent  and 
"give  much  trouble"  are  usually  well  known  by  the  main- 
tenance crews  and,  in  most  cases,  by  the  general  public. 


The  terms  "erratic,"  "occasional,"  and  "frequent" 
refer  to  how  often  the  avalanches  come  to  the  highway.  The 
example  of  GRIZZLY  on  Highway  6  might  illustrate  the 
situation:  GRIZZLY  has  a  tremendous  catchment  basin; 
after  each  medium  to  large  snowstorm,  there  are  avalanches 
in  its  starting  zone  and  the  middle  section  of  the  track.  But 
the  track  is  too  long,  too  curved,  and  not  steep  enough  to 
allow  these  avalanches  to  run  to  the  highway  below.  It  takes 
exceptionally  severe  conditions  to  cause  a  large  enough 
avalanche  to  cross  the  highway. 


Occasional  avalanches 

Avalanches  that  run  to  the  highway  once  in  every  3  to  6 
years  are  called  occasional.  Such  avalanches  normally  stop 


Terrain  Classification 

Terrain  conditions  are  the  decisive  factors  determining 
whether  structural  control,  especially  in  the  starting  zone, 
is  recommended. 


Location  of  starting  zone 
in  relation  to  timberline 

The  most  important  terrain  consideration  is  whether  the 
starting  zone  is  above  or  below  timberline.  This  distinction 
has  an  important  bearing  on  the  efficiency  of  the  structures 
and  on  their  maintenance.  Below  timberline  the  help  of  af- 
forestation cannot  be  emphasized  enough,  even  though  the 
current  thinking  in  Colorado  seems  to  be  that  young  trees 
grow  too  slowly  and  are  too  expensive  to  justify  extensive 
plantings.  Structural  control  and  forest  cover  are  needed, 
however,  to  give  full  protection  in  many  areas.  There  are 
a  considerable  number  of  avalanche  areas  where  control  is 
more    a  matter  of  afforestation  than  of  civil  engineering. 

Also,  there  is  a  remarkable  increase  in  wind  action 
above  timberline  compared  to  the  timbered  area.  Above 
timberline,  snow  depositions  are  much  more  irregular  than 
below,  and  excessive  snow  depths  in  particular  spots  are 
common. 


Steepness  of  terrain 

The  ruggedness  of  the  catchment  basin  is  another  im- 
portant criterion  in  terrain  classification.  Very  steep  spots, 
even  quite  small  ones,  are  very  difficult  to  control.  The 
general  practice  in  central  Europe  is  to  use  supporting 
structures  to  control  avalanches  with  slopes  between  62  and 
120  percent.  The  cost  of  structural  control  in  very  steep 
starting  zones  is  almost  prohibitive. 


clearly  defined  track  that  is  usually  a  gully  or  other  obvious 
depression  in  the  slope.  In  the  case  of  an  unconfined  ava- 
lanche, it  is  difficult  to  determine  the  starting  zone  and  to 
delineate  the  course  the  moving  snow  masses  will  follow. 
The  snow  spreads  over  a  wide  area.  It  is  evident  that  more 
observations  and  care  are  needed  to  develop  an  adequate 
plan  for  the  control  of  unconfined  avalanches.  On  the  other 
hand,  this  kind  might  be  very  economical  to  control  if 
observations  show  relatively  small  starting  spots  compared 
with  the  width  of  the  track.  In  such  cases,  a  few  structures 
might  protect  a  long  section  of  the  highway. 

A  good  example  of  the  channeled  type  is  WEST  RIVER- 
SIDE on  Highway  550.  Although  the  catchment  basin  is  very 
large  (150  acres  or  60  ha),  the  starting  spots  can  be  located 
easily  from  the  topography,  and  the  avalanche  always 
follows  a  well-defined  track,  carved  forever  in  the  hard 
rock. 

Just  the  opposite  feature  is  exemplified  by  SLIPPERY 
JIM  on  the  west-facing  slope  about  a  thousand  feet  south  and 
across  the  valley  from  WEST  RIVERSIDE.  There  is  no 
well-defined  catchment  basin  for  this  avalanche.  It  seems 
that  the  snow  may  start  to  come  down  anywhere;  however, 
scattered  tree  groups  make  it  evident  that  the  whole  slope 
does  not  run,  at  least  under  normal  conditions.  The  start- 
ing spots  and  the  normal  track  are  not  obvious  to  the  casual 
observer.  Other  examples  of  uncoixfined  avalanches  are 
FLORAL  PARK  on  Highway  40,  the  BROOKLYNS  on  High- 
way 550,  and  IRONTON  PARK  on  Highway  550. 


Types  of  avalanche  tracks 

For  structural  control  purposes,  it  is  important  to  dis- 
tinguish between  channeled  avalanches  and  unconfined 
avalanches. 

The  catchment  basin  of  the  channeled  avalanche  is  well 
defined,  usually  bowl  shaped,  and  the  avalanche  follows  a 


Longitudinal  profile 
of  avalanche  track 

The  longitudinal  profile  of  the  track  is  of  great  importance 
for  structural  control  in  the  track.  A  steep,  narrow  track  is 
not  favorable  for  retarding  or  catchment  structures.  The 
longitudinal  profile  must  show  some  flat  section  that  is  both 
long  enough  and  wide  enough  to  slow  down  the  avalanche 
naturally.    Retarding    and    catchment    structures    would  be 


effective  in  such  a  flat  section.  On  Highway  550,  there  are 
examples  of  both  types  of  longitudinal  profiles:  EAST  RIVER- 
SIDE has  a  narrow  track  that  hits  the  highway  directly 
without  a  transition  zone.  The  runout  zone  is  absent.  The 
track  of  EAST  GUADALUPE,  on  the  other  hand,  shows  a 
long  transition  zone  before  it  reaches  the  highway,  where, 
under  favorable  conditions,  the  avalanche  stops  naturally 
and  where  retarding  or  catchment  structures  would  be 
effective. 


The  longest  track  is  6,000  feet.  The  average  slope  on  the 
longer  tracks  is  between  50  and  60  percent. 

Avalanches  are  grouped  according  to  their  significance 
to  traffic  and  the  possibilities  of  structural  control  (table  1, 
fig.  2).  Group  1  consists  of  the  small-frequent  avalanches. 
These  are  very  hazardous  to  traffic,  and  could  be  controlled 
with  little  effort.  In  almost  all  cases,  supporting  structures 
in  the  starting  zones  and  afforestation  are  recommended. 


BRIEF  ANALYSIS  OF  AVALANCHE  AREAS 

An  analysis  of  the  80  avalanche  areas  described  in  this 
report  permits  some  generalizations  about  the  character- 
istics of  avalanches  in  Colorado  and  their  control  pos- 
sibilities (table  1,  figs.  1-3). 


Group  2  consists  of  the  medium-frequent  and  medium- 
occasional  avalanches.  These  cases  give  trouble  to  traffic 
as  well  as  to  the  avalanche  control  engineer.  They  are  too 
frequent  to  be  neglected,  but  too  large  to  be  controlled  easily. 
Special  studies  of  the  particular  area  and,  more  important, 
an  evaluation  of  the  economic  alternatives  are  needed  before 
any  recommendations  can  be  made. 


The  avalanches  are  distributed  as  follows: 

Berthoud  Pass,  Highway  40 12 

Loveland  Pass,  Highway  6     , 13 

Wolf  Creek  Pass,  Highway  160    12 

Red  Mountain  Pass,  Highway  550 43 

Total 80 


The  size  of  the  starting  zone  varies  from  1  acre  to  150 
acres.  Avalanches  with  2  to  30  acres  (1  to  12  ha)  are  most 
common;  only  about  16,  or  about  a  fifth,  are  larger.  The 
starting  zones  generally  lie  at  an  altitude  of  about  10,000  to 
12,000  feet  m.s.l.  (mean  sea  level).  Very  often  the  upper 
parts  are  near  timberline,  which  is  between  11,400  and  11,800 
feet  m.s.l.  in  the  southern  Rocky  Mountains. 

The  length  and  steepness  of  the  tracks  vary  considerably. 
It  is  logical  that  short  to  medium  tracks  usually  have  a 
steeper  slope  than  very  long  ones.  Nearly  half  the  total  ava- 
lanches (35),  have  a  track  between  1,000  and  3,000  feet  with 
an  average  slope  between  50  and  70  percent;  slopes  between 
60  and  70  percent  are  most  common.  Only  12  tracks  are 
shorter  than  1,000  feet  and  23  are  longer  than  3,000  feet. 


Large-frequent  and  large-occasional  avalanches,  group 
3,  constitute  a  small  group.  Control  measures  for  these 
avalanches  will  usually  have  to  be  direct  protective  struc- 
tures such  as  avalanche  sheds  or  tunnels. 

Group  4  includes  all  erratic  avalanches--small,  medium, 
and  large.  This  group  is  not  very  important,  and  the  need  for 
control  is  not  pressing.  The  small  avalanches  of  this  group, 
however,  should  be  treated  with  the  small  ones  of  the  two 
other  groups.  This  is  especially  true  in  the  case  of  possible 
afforestations  because  plantations  are  most  likely  to  succeed 
where  avalanches  seldom  occur. 

If  bankslides  are  included,  about  half  the  avalanche  areas 
can  be  controlled  without  technical  difficulties  by  building 
supporting  structures  and  making  afforestations  in  the 
starting  zones.  Unfortunately,  there  are  only  a  restricted 
number  of  avalanches  where  the  track  or  the  runout  zone 
can  be  controlled;  terrain  conditions  favorable  to  retarding, 
diversion,  or  catchment  structures  are  found  in  only  six 
cases.  Avalanche  sheds  are  recommended  in  10  cases  where 
large  avalanches  must  be  controlled  or  where  terrain  con- 
ditions are  unfavorable  for  other  types  of  structures. 


Table   1.  --Physical    characteristics    and    control    possibilities    of   avalanche  areas  along  several  mountain  highways  in  Colorado, 

as  inventoried  in  1961-6Z 


Physical  characteristics  and 
possibilities  for  structural  control 


Highway  No.    and  mountain  pass 


No.  40 
Berthoud 


No.  6 
Loveland 


No.  160 

Wolf 

Creek 


No.  550 
Coal  Bank 

Hill 


No. 550 

Molas 

Divide 


No.  550 

Red 
Mountain 


Total 


Number 


BANKS  LIDES 
AVALANCHE    GROUPS: 


12 


1.  Small -frequent 

2.  Medium-f requent ,    small-occasional,    medium-occasional      2 

3.  Large -frequent ,    large-occasional 

4.  Small-,    medium-,    large -erratic 


Total 
POSSIBILITIES    FOR    STRUCTURAL    CONTROL: 
1.       Supporting  structures  in  the  starting  zone- 


Class  of  structures  obvious,    no  problems,    not 

too  expensive 
Doubtful,    difficulties  expected,    maybe 

expensive  and  uneconomical 
Control  of  starting  zone  out  of  question  because  too 

difficult,    uneconomical,    and  erratic  occurrence 

2.  Structural  control  in  the  track  or  runout  zone-- 

Favorable  terrain  conditions 
Doubtful;  may  not  be  very  effective 

3.  Direct  protection  structures-- 

Avalanche  sheds 
Avalanche  dams 


Total 


5 

0 

1 

2 

1 

8 

17 

2 

8 

9 

1 

4 

10 

34 

0 

0 

1 

0 

0 

5 

6 

5 

5 

1 

0 

2 

10 

23 

13 


12 


33 


80 


0 

6 

6 

2 

5 

8 

37 

0 

2 

5 

0 

1 

7 

15 

0 

3 

■  0 

0 

0 

3 

6 

0 

1 

0 

1 

1 

3 

6 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

10 

11 

2 

0 

0 

0 

0 

2 

4 

12 

13 

12 

3 

7 

33 
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Figure  I. — Size  and  altitude  of  the  starting 
zone  of  80  avalanches  in  four  mountain  passes 
in  Colorado,  1961-62.  An  expanded  scale  has 
been  used  for  the  0-  to  2-acre  classification. 
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Figure  2. — Frequency  of  occurrence  and  size  of 
80  avalanches  in  four  mountain  passes  in 
Colorado,  1961-62.  Frequency  classifications — 
erratic,  occasional,  and  frequent — refer  to 
how  often  the  avalanches  reach  the  highway. 
The  size  classifications — small,  medium,  and 
large — refer  to  the  extent  of  the  starting 
zone;  not  to  the  amount  of  snow  brought  down 
by  the  avalanche. 
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Figure  3. — Length  and  average  slope  of  the 
tracks  of  80  avalanches  in  four  mountain 
passes  in  Colorado,    1961-62. 
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GENERAL  PLANNING  FOR  STRUCTURAL  CONTROL 

Structural  avalanche  control  should  be  started  in  areas 
where  it  is  obvious  what  class  of  structural  control  will 
work,  and  where  control  measures  will  not  be  too  expensive 
for  the  values  involved.  A  group  of  neighboring  avalanches 
should  be  considered  as  a  single  unit  for  control  purposes. 
Control  plans  for  any  one  of  the  group  should  be  part  of  a 
more  comprehensive  project  designed  for  controlling  the 
entire  group. 

Enough  time  should  be  allowedtostudy  the  winter  terrain 
conditions  of  all  doubtful  cases.  Structural  avalanche 
defenses    cannot    be    started    in    a  day;   careful  winter  ob- 


servations are  necessary  to  do  a  good  job.  In  areas  where 
supporting  structures  will  be  built,  observations  of  snow 
conditions  in  the  starting  zone  should  be  started  as  soon  as 
possible.  Where  avalanche  sheds  are  being  considered,  a 
close  inspection  of  winter  conditions  in  the  runout  zone  is 
necessary.  Of  course,  for  any  avalanche  defense  planning, 
records  of  frequency,  size,  and  type  of  avalanches  are  very 
important  and  should  be  continued  even  after  the  structures 
are  installed. 

Structural  control  does  not  stop  with  the  completion  of 
the  structures.  Maintenance  of  the  structures  is  vital  and 
never  ending.  Later  adjustments  or  additions  will  often 
have  to  be  made  to  insure  complete  protection. 
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SUMMARY  FOR  HIGHWAY  No.  40:   BERTHOUD  PASS 

Berthoud  Pass  has  large  avalanches  on  the  south  side 
only.  The  snowslides  on  the  north  side,  essentially  large 
bankslides,  run  in  spots  where  fire  denuded  the  slopes.  A 
few  small  plantations  have  been  established  in  these  areas. 

Of  the  six  avalanches  on  the  south  side,  four  are  on  the 
same  slope  as  the  highway.  ASPEN  and  CAMPGROUND 
reach  the  road  so  seldom  they  need  not  be  controlled. 
FLORAL  PARK  can  be  easily  controlled  with  lightweight 
supporting  structures  and  afforestation.  STANLEY  is 
the  only  avalanche  for  which  structural  control  will  re- 
quire much  effort.  The  other  two  avalanches,  DAM  and 
BERTHOUD  FALLS,  run  down  the  slope  across  the  valley 
from  the  highway  and  reach  the  road  only  under  very 
severe  conditions. 

The  six  avalanches  on  the  north  side  are  small  and 
easily  accessible.  Control  with  supporting  structures  and 
more  extensive  afforestation  is  recommended. 

Of  the  five  mountain  passes  considered  in  this  report, 
structural  protection  against  avalanches  would  be  easiest 
on  Berthoud  Pass. 
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Highway  No.    40   — 
Berthoud  Pass 
Photo:   June   19,    1962 


DAM   (B-1) 


LOCATION : 

Front  Range;  Berthoud  Pass  south;  northeast  slope 
of  the  east  shoulder  of  Engelmann  Peak. 

CATCHMENT  BASIN: 

A  V-shaped  depression  in  the  slope;  above  and 
below  timberline;  11,800-10,800  feet  m.s.l.;  50 
acres  (20  ha) . 

TRACK: 

Gully;  vertical  drop,  2,120  feet;  length,  3,600 
feet;  average  slope,  59  percent. 

RUNOUT  ZONE: 

Lower  section  of  gully.  Clear  Creek  valley  bottom, 
and  opposite  slope  where  highway  lies.   Highway 
is  40  feet  above  Clear  Creek  and  200  feet  away 
from  It.   Runout  zone  in  lower  section  of  gully; 
length,  1,500  feet;  average  slqpe,  27  percent. 
Usually,  avalanches  stop  on  this  gentle  section 
or  in  bed  of  Clear  Creek.   Large  avalanches,  how- 
ever, reach  highway  and  beyond. 

AVALANCHES : 

Avalanche,  shot  down  April  8,  1957,  ran  to  highway; 
killed  two  men. 

CLASSIFICATION: 

Large-erratic.   Erratic  designation  relates  to 
frequency  with  which  avalanche  reaches  highway, 
not  to  frequency  of  runs  below  road. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Parts  of  catchment  basin  are  rugged  with  cliffs, 
starting  area  is  large.   Control  of  starting  zone 
would  be  expensive.   If  structural  control  is 
undertaken,  a  very  large  catchment  dam  between 
Clear  Creek  and  highway  might  be  a  solution. 


Highway  No.    40   — 

Berthoud  Pass 

Photo:   November  14,    1963 


ASPEN   (B-2) 


LOCATION: 

Front  Range;  Berthoud  Pass  south;  south  slope  of 
Colorado  Mines  Peak. 

CATCHMENT  BASIN: 

Depression  in  slope  at  upper  end  of  an  ephemeral 
stream;  mostly  below  timberline;  11,600-11,000 
feet  m.s.l.;  4  acres  (2  ha). 

TRACK: 

Steep  narrow  gully;  vertical  drop,  2,160  feet; 
length,  3,400  feet;  averare  slope,  63  percent. 

RUNOUT  ZONE: 

Above  road,  300-400  feet  long;  average  slope,  35 
percent . 

CLASSIFICATION: 
Smal 1-erratic. 

POSSIBILITIES  FOR  STRUCTUPj\L  CONTROL: 

Supporting  structure  in  starting  zone  and  affor- 
estation.  Snowfences  on  slope  to  windward  of 
catchment  would  reduce  snow  depths  in  catchment 
and  might  help  natural  reforestation. 

CAMPGROUND   (B-3) 

LOCATION : 

Front  Range;  Berthoud  Pass  south;  south  slope  of 
Colorado  Mines  Peak;  1,000  feet  west  of  ASPEN 
avalanche  track. 

CATCHMENT  BASIN: 

Lee  side  of  a  small  ridge;  mostly  below  timber- 
line;  11,600-11,200  feet  m.s.l.;  5  acres  (2  ha). 

TRACK: 

Two  narrow  slots  in  timber  merging  part  way  do^^m 
the  ridge;  vertical  drop,  2,120  feet;  length, 
3,400  feet;  average  slope,  62  percent. 

RUNOUT  ZONE: 

Above  road,  500  feet  long;  average  slope,  30 
percent. 

CLASSIFICATION: 
Small-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  in  starting  zone  and  affor- 
estation.  Snowfences  to  windward  of  catchment 
area  might  help  trees  get  started  by  reducing 
snow  depths. 
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Highway  No.    40   — 

Berthoud  Pass 

Photo:  April  23,    1962 


BERTHOUD  FALLS    (B-4) 


LOCATION : 

Front  Range;  Berthoud  Pass  south;  north  face  of 
north  spur  of  Engelmann  Peak. 

CATCHMENT  BASIN: 

A  bowl-shaped  depression  on  slope;  above  timber- 
line;  12,200-11,200  feet  m.s.l.;  27  acres  (11  ha). 

TRACK: 

Gullylike  depression  in  slope;  avalanches  have  cut 
a  slot  in  heavy  timber;  vertical  drop,  2,200  feet; 
length,  3,900  feet;  average  slope,  57  percent. 

RUNOUT  ZONE: 

Gentle  section  of  lower  track  and  Clear  Creek 
valley  bottom.   Highway  lies  on  opposite  slope  30 
feet  above  and  380  feet  beyond  Clear  Creek. 
Although  there  are  no  records  of  this  avalanche 
ever  h=iving  reached  the  highway,  it  is  possible. 
Normally,  avalanches  stop  before  reaching  Clear 
Creek,  in  gentle  section  of  lower  track  which  is 
700  feet  long  with  average  slope  of  36  percent. 

AVALANCHES : 

For  many  years  this  avalanche  has  not  given 
trouble  to  the  highway. 

CLASSIFICATION: 
Medium-erratic . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Since  avalanche  very  seldom  runs  to  highway,  need 
for  structural  control  is  questionable.   Technically 
speaking,  supporting  structures  in  starting  zone  as 
well  as  a  catchment  dam  near  highway  would  be 
possible. 
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Highway  No.    40   — 
Berthoud  Pass 
Photo:   June   18,    1962 


STANLEY   (B-5) 


LOCATION : 

Front  Range;  Berthoud  Pass  south;  southeast 
slope  of  the  east  shoulder  of  Stanley  Mountain. 
The  top  of  the  avalanche  area  (ridge  face  south- 
east of  point  12,507)  Is  erroneously  called 
"Stanley  Mountain"  by  local  people.   Stanley 
Mountain  is  actually  1  mile  farther  west. 

CATCHMENT  BASIN: 

A  bowl-shaped  depression  on  the  slope;  above 
timberline;  12,400-11,600  feet  m.s.l.;  20  acres 
(8  ha). 

TRACK: 

Not  confined;  three  slots  in  timber;  vertical  drop, 
2,400  feet;  length,  4,400  feet;  average  slope,  55 
percent. 

RUNOUT  ZONE: 

Lower  section  of  the  track  with  a  more  gentle 
slope  and  valley  bottom  of  Clear  Creek;  length, 
900  feet;  average  slope,  33  percent.   Width  of 
track  and  runout  zone,  2,000  feet. 

AVALANCHES : 

Blocked  the  highway  on  the  following  dates: 
February  6,  1951;  December  30,  1951;  January  28, 
1955;  February  16,  1956;  January  22,  1959; 
February  4,  1960;  March  3,  1960;  February  28, 
1961;  January  21,  1964;  and  March  6,  1964. 
Avalanches  ran  but  did  not  reach  the  highway  on 
February  6,  1959,  December  19,  1960,  December  27, 
1961,  January  23,  1963,  and  February  25,  1963. 

CLASSIFICATION: 
Medium-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Structural  controls  in  the  catchment  basin  or  an 
avalanche  shed  are  the  two  possibilities.   A 
detailed  study  has  been  made  of  the  possibility 
for  structural  control  of  this  avalanche. i° 
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See  footnote   6,   p.    2. 


Highway  No.    40   — 

Berthoud  Pass 

Photo:  April  23,    1962 


FLORAL  PARK    (B-6) 


LOCATION : 

Front  Ranp,e ;  Berthoud  Pass  south;  wesi.  slope  of 
Colorndo  Mines  Peak. 

STARTING  SPOTS: 

On  steep,  sparsely  timbered  slopes  with  local 
snowdrifts;  starting  areas  are  not  v.'gII  defined; 
below  timberline:  11,600-11,300  feet  m.s.l.;  10 
acres  (4  ha) . 

TRACKS : 

Slight  depressions  in  the  slope  of  through  the 
trees:  indefinite;  vertical  drop,  920  feet; 
lenr-th,  1,A00  feet;  average  slope,  66  percent. 

RraOUT  ZONE: 

No  transition  zone  above  hif,hway;  avalanches  cross 
the  highway  and  run  out  into  the  flat  bottom  of 
Hoop  Creek  just  below  the  highway. 

avala:iches: 

Ran  to  the  highway  on:  December  30,  1951  (caught 

a  car):  April  1,  1957;  February  16,  1958;  April 

18,  1958;  February  15,  1960;  March  21,  1961;  and 
January  7,  1962. 

CLASSIFICATION: 
Medium-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

No  problems  for  control  in  the  starting  spots. 
Afforestation  of  the  openings  in  the  timber  is 
the  most  important  part  of  the  control  work. 
Lightweight  supporting  structures  will  be  needed 
to  control  the  area,  however,  until  the  trees  are 
large  enough  to  stabilize  the  snow. 
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Highway  No.    40   — 
Berthoud  Pass 
Photo:   Date  unknown 


EIGHTY   (B-7) 


LOCATION: 

Front  Range;  Berthoud  Pass  north;  starts  about 
200  feet  north  of  first  switchback  on  north  side 
of  Berthoud  Pass. 

CATCHMENT  BASIN: 

Three  small,  rocky  slots;  below  timberline; 
11,000  feet  m.s.l.;  1  to  2  acres  (less  than  1 
ha). 

TRACK: 

Uniform,  open  talus  slope;  vertical  drop,  160 
feet;  length,  300  feet;  average  slope,  53 
percent. 

RUNOUT  ZONE: 

None.   Drops  over  cut  bank  onto  the  highway. 

AVALANCHES : 

Has  run  at  least  6  times  in  the  last  9  years. 

CLASSIFICATION: 

Small-frequent.   This  is  essentially  a  large 
bankslide. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Access  is  easy,  so  supporting  structures  would 
present  no  problem.   Afforestation  may  be 
difficult  on  the  talus. 


Highway  No.    40   — 

Berthoud  Pass 

Photo:  ApHl  23,    1963 

(NORTH  SIDE  GROUP) 

ONE-TEN   (OR  WEICKER)      (B-8) 

LOCATION : 

Front  Range;  Berthoud  Pass  north;  southeast  slope 
of  point  11,721  between  Current  Creek  and  Second 
Creek. 

STARTING  ZONE: 

Open  slope  with  scattered  small  trees;  some  small 
rocky  outcroppings ;  below  timberline;  11,100- 
11,000  feet  ra.s.l.;  3-4  acres  (less  than  2  ha). 

TRACK: 

Open,  uniform  slope  denuded  of  trees  by  fire; 
vertical  drop,  A40  feet;  length,  1,000  feet; 
average  slope,  44  percent. 

RUNOUT  ZONE: 

None  above  road. 

AVALANCHES : 

Has  run  at  least  twice  in  past  9  years. 

CLASSIFICATION: 

Small-frequent.   This  is  essentially  a  large 
bankslide. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Structures  plus  afforestation.   Access  is  very 

simple . 


ONE-TWENTY   (B-9) 

LOCATION : 

Front  Range;  Berthoud  Pass  north;  southeast  slope 
of  point  11,721  between  Current  Creek  and  Second 
Creek;  1,000  feet  north  of  slide  110. 

CATCHMENT  BASIN: 

Open  slope  with  scattered  small  trees;  below 
timberline;  11,000  feet  m.s.l.;  1  acre  (1/2  ha). 
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TRACK: 

Open  slope.   Vertical  drop,  320  feet;  length,  700 
feet;  average  slope,  46  percent. 

RUNOUT  ZONE: 

No  transition  above  road.   Snow  comes  over  cut 
bank  to  the  highway. 

CLASSIFICATION : 

Small-frequent.   Another  large  bankslide. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Easy  access  makes  structure  and  afforestation  the 
obvious  choice. 


ONE-FORTY   (B-10) 

LOCATION : 

Front  Range;  Berthoud  Pass  north;  on  the  eastern 
flank  of  point  11,721  between  Current  Creek  and 
Second  creek;  1,500  feet  north  of  avalanche  120. 


CATCHMENT  BASIN: 

Open,  uniform  slope  with  scattered  trees, 
feet  m.s.l.;  1  acre  (1/2  ha). 


11,000 


TRACK: 

Broad  area  on  the  point  of  the  ridge  about  AOO-500 
feet  wide.   Vertical  drop,  300  feet;  length,  600 
feet;  average  slope,  50  percent.   Lower  part  of 
the  track  was  steepened  considerably  in  1960  when 
material  was  removed  to  be  used  as  fill  for  the 
highway. 

RUNOUT  ZONE: 

None.   Snow  falls  into  a  large  barrow  pit  dug  to 
get  fill  material  for  the  highway.   This  pit  will 
probably  stop  the  slide  before  it  reaches  the 
highway. 

AVALANCHES : 

Past  records  will  not  apply  now  that  there  is  a 
large  barrow  pit  between  the  highway  and  the 
avalanche.   Earthen  terraces  in  the  track. 


CLASSIFICATION: 

Small-frequent  avalanche  or  large  bankslide. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

This  area  should  be  checked  carefully  for  a  few 
years,  but  it  seems  likely  that  the  barrow  pit  will 
protect  the  road.   If  more  control  is  needed,  the 
upper  part  of  the  track  could  be  controlled  with 
structures  and  afforestation.   Earthen  terraces  in 
the  track  failed  to  keep  avalanches  out  of  the  road, 


TWO  HUNDRED   (OR  MONUMENT)      (B-11) 

LOCATION : 

Front  Range;  Berthoud  Pass  north;  the  south-facing 
bank  just  north  of  Second  Creek. 

CATCHMENT  BASIN: 

Open  slope  with  scattered  trees;  Indefinite 
starting  zone  -  approximately  10,700  feet  m.s.l.; 
1-2  acres  (1/2  ha)  . 

TRACK: 

Open  slope  200-AOO  feet  wide.   Vertical  drop,  100 
feet;  length,  200-300  feet;  average  slope,  AO 
percent. 

RUNOUT  ZONE: 

None  above  the  road. 

CLASSIFICATION: 

Small-erratic  avalanche  or  large  bankslide. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Afforestation  protected  by  supporting  structures. 


Highway  No.    40   — 
Berthoud  Pass 
Photo:   Date  unknoion 


TWO-FORTY   (B-12) 


LOCATION : 

Front  Range;  Berthoud  Pass  north;  about  1,000  feet 
north  of  First  Creek. 

CATCHMENT  BASIN: 

Open  slope  with  scattered  small  trees;  below 
timberline;  10,800  feet  m.s.l.;  2-1/2  acres  (1  ha). 

TRACK : 

Open  slope.   Vertical  drop,  400  feet;  length,  700 
feet;  average  slope,  57  percent. 

RUNOUT  ZONE: 
Below  highway. 

CLASSIFICATION: 

Small-erratic  avalanche  or  large  bankslide  with 
scattered  small  trees  In  parts  of  it. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  plus  afforestation.   Access 
is  easy. 
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SUMMARY  FOR  HIGHWAY  No.  6:    LOVE  LAND  PASS 

Avalanches  along  Highway  No.  6,  may  be  classified  into 
seven  groups  based  on  their  proximity,  and  on  similarity 
of  recommended  control  measures.  The  individual  ava- 
lanches within  each  group  can  be  treated  separately,  but 
the  entire  group  should  be  handled  as  a  single  control 
project. 

Group  1:  Silver  Plume- -PINKERTON  GULCH,  SILVER 
CLOUD,  BARD  SHOULDER 

Group  2:   BETHEL 

Group  3:  SEVEN  SISTERS 

Group  4:  GRIZZLY 

Group  5:  North  Arapaho-- LITTLE  PROFESSOR,  ASSO- 
CIATED LITTLE  PROFESSOR,  BLACK  WIDOW 

Group  6:   PALLAVICINI 

Group  7:  Afforestations  --  LAZY  SUSAN,  FIVE  CAR, 
HAPPY  END. 

As  far  as  avalanche  hazard  is  concerned,  the  Seven 
Sisters,  Bethel,  and  North  Arapaho  groups  are  the  most 
important.  Control  by  supporting  structures  and  afforesta- 
tion is  indicated  for  the  Seven  Sisters,  but  may  not  be  eco- 
nomical for  the  North  Arapaho  and  Bethel  groups.  For  these 
two  groups,  avalanche  sheds  might  be  more  economical. 

The  Silver  Plume  and  Grizzly  groups  are  all  medium  to 
large  avalanches  of  erratic  to  very  erratic  occurrence.  The 


control  of  these  two  groups  can  probably  be  postponed  un- 
less the  new  road  through  Straight  Creek  moves  the  high- 
way closer  to  these  avalanches. 

Group  6,  Pallavicini,  is  a  special  case.  Control  by 
structures  in  the  starting  zone  would  be  possible,  but,  be- 
cause of  ski  use,  this  type  of  control  is  not  very  likely. 

All  avalanches  in  Group  7  (Afforestation)  are  small  and 
can  certainly  be  controlled  by  supporting  structures  sup- 
plemented by  afforestation  of  the  starting  zone  and  the 
track. 

Since  structural  avalanche  control,  especially  in  the 
starting  zone,  is  something  new  in  this  region,  projects 
should  begin  with  the  easier  cases  and  not  with  the  larger 
and  more  difficult  ones.  Some  experience  must  be  gained, 
first,  and  that  can  be  done  with  less  risk  on  little  projects. 

When  the  tunnel  is  completed  through  the  Continental 
Divide  from  Clear  Creek  to  Straight  Creek,  Bethel  and 
Silver  Plume  groups  will  become  very  important.  On  the 
other  hand,  since  this  means  the  heavy  traffic  will  no 
longer  be  subjected  to  the  hazard  of  the  other  groups,  there 
would  be  a  good  opportunity  to  start  some  experimental 
defense  works  in  these  areas.  If  the  old  highway  over 
Loveland  Pass  is  kept  open,  the  SEVEN  SISTERS  and 
LITTLE  PROFESSOR  would  be  excellent  study  sites. 
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PINKERTON  GULCH    (L-1) 


Highway  No.    6   — 

Loveland  Pass 

Photo:  September  1,    1962 


LOCATION : 

Front  Range;  south  slope  of  Silver  Plume 
Mountain. 

CATCHMENT  BASIN: 

Bowl-shaped  depression  in  the  south-facing  slope; 
above  and  below  timberline;  12,000-11,400  feet 
m.s.l.;  30  acres  (12  ha). 

TRACK: 

Pinkerton  Gulch;  vertical  drop,  2,400  feet;  length, 
4,400  feet;  average  slope,  55  pprcent. 

RUNOUT  ZONE: 

The  alluvial  fan  of  Pinkerton  Gulch;  length,  1,000 
feet;  width,  700  feet;  average  slope,  30  percent. 
Distance  from  the  mouth  of  Pinkerton  Gulch  to  the 
highway  is  800  feet.   The  avalanche  snow  is  con- 
fined when  it  reaches  the  alluvial  fan. 

AVALANCHES : 

The  last  one  occurred  in  spring,  1957. 

CLASSIFICATION: 
Medium-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Because  it  runs  only  in  very  severe  winters, 
structures  would  not  be  economical.   There  are 
no  difficulties  for  supporting  structures.   The 
possibilities  of  control  in  the  runout  zone  are 
very  limited  because  this  zone  is  too  short  and 
too  steep  to  build  effective  retarding  or 
catchment  structures. 
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Highway  No.    6   — 

Loveland  Pass 

Photo:  September  1,    1962 


SILVER  CLOUD   (L-2) 


LOCATION: 

Front  Range;  south  slope  of  Silver  Plume  Mountain. 

CATCHMENT  BASIN: 

Bowl-shaped  depression  in  the  south-facing  slope; 
above  and  below  timberline;  12 ,400-11 , AGO  feet, 
m.s.l.;  75  acres  (30  ha). 

TRACK: 

Cloud  Gulch;  vertical  drop,  2,700  feet;  length, 
5,500  feet;  average  slope,  50  percent. 

RUNOUT  ZONE: 

Alluvial  fan  of  Cloud  Gulch,  the  slope  of  which 
varies  from  very  gentle  to  moderate.   Avalanche 
will  be  unconfined  on  the  fan.   Distance  from  the 
mouth  of  the  gulch  to  the  highway  is  900  feet; 
width  of  the  fan  where  it  reaches  the  highway  is 
1,500  feet;  the  fan  has  an  average  slope  of  25 
percent. 

AVALANCHES : 

On  April  12,  1951,  an  avalanche  reached  the 
highway. 

CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Because  it  is  an  erratic,  large  avalanche,  struc- 
tural control  seems  to  be  not  very  economical, 
especially  supporting  structures.   The  runout 
zone  offers  some  possibilities  for  the  instal- 
lation of  retarding  structures.   Whether  such 
control  is  possible  can  be  answered  only  by  a 
detailed  study  of  the  frequency  of  occurrence 
and  the  terrain  conditions  in  the  runout  zone. 
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Highway  No.    6   — 

Loveland  Pass 

Photo:   September  1,    1962 


BARD  SHOULDER    (L-3) 


LOCATION : 

Front  Range;  south  slope  of  southeast  end  of  the 
Bard  Peak  Shoulder. 

CATCll^lENT  BASIN: 

Bowl-shaped  depression  in  the  south-facing  slope; 
rugged  and  very  steep  in  places;  above  and  below 
timberline;  12,200-11,400  feet  m.s.l.;  30  acres 
(12  ha). 

TRACK: 

Unnaned  gulch;  vertical  drop,  2,200  ft^t;  length, 
3,900  feet:  average  slope,  56  percent. 

RUNOUT  ZONE: 

Gentle  slope  in  the  lower  section  of  the  gulch; 
width,  500  feet:  length,  1,100  feet;  average  slope, 
35  percent. 

CLASSIFICATION: 

Medium-very  erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Because  of  the  ruggedness  of  the  starting  zone, 
the  steepness  of  the  track,  and  the  steep  runout 
zone,  successful  control  by  either  supporting 
structure  or  retarding  structure  seems  quite 
unlikely.   Since  the  avalanche  occurs  very  seldom, 
control  is  not  pressing. 


26 


Highway  No.    6   — 
Loveland  Pass 
Photo:  June   18,    1962 


BETHEL    (L-4) 


LOCATION: 

Front  Range;  southeast  slope  of  Bethel  Mountain. 

CATCHMENT  BASIN: 

A  bowl-shaped  depression  in  the  slope  on  the  west, 
and  steep  regular  slope  on  the  east;  both  above 
timberline;   12,600-11,000  feetm.s.l.;  25  acres 
(10  ha) . 

TRACK: 

The  tracks  from  the  two  separate  catchment  basins 
join  at  an  elevation  of  about  10,800  feet.   These 
two  tracks  are  gullylike.   The  main  avalanche  is 
the  one  that  starts  in  the  bowl-shaped  depression; 
vertical  drop,  1,800  feet;  length,  3,000  feet; 
average  slope,  60  percent. 

RUNOUT  ZONE: 

The  lowest  section  of  the  main  track.   This  slope 
is  1,100  feet  long,  700  feet  wide,  with  an  average 
slope  of  40  percent. 

AVALANCHES : 

Runs  to  the  road  about  once  every  2  years. 

CLASSIFICATION: 
Medium-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  ruggedness  and  steepness  of  the  catchment 
basin,  together  with  the  excessive  snow  accumu- 
lations (drifts) ,  create  some  problems  for  sup- 
porting structures.   Two  diversion  dams  already 
installed,  are  not  always  effective  because  the 
runout  zone  is  too  steep  and  the  dams  too  small. 
Control  measures  either  in  the  track  or  in  the 
runout  zone  are  out  of  the  question  if  full  pro- 
tection is  expected  from  all  avalanches.   Only 
very  expensive  supporting  structures  or  an  ava- 
lanche shed  would  give  full  protection  to  the  road. 
Guide  walls  parallel  to  the  avalanche  track  could 
be  used  with  an  avalanche  shed  to  shorten  the 
length  of  the  expensive  shed. 


Highway  No.  6 
Love  land  Pass 
(No  photo) 


LAZY  SUSAN   (L-S) 


SEVEN  SISTERS   (L-6) 


Highway  No.    6  — 
Love  land  Pass 
Photo:  May  20,    2962 


LOCATION : 

Front  Range;  southeast  slope,  one-third  mile  below 
the  parking  lot  for  the  Loveland  Basin  ski  area. 

CATQCIENT  BASIN: 

Little  cliffs  in  an  area  of  scattered  timber,  at 
an  altitude  of  11,000  feet  m.s.l.;  2-1/2  acres 
(1  ha). 

TRACK: 

Poorly  defined  in  scattered  timber.   Vertical  drop, 
300  feet;  length,  600  feet;  average  slope,  50 
percent. 

RUNOUT  ZONE: 

No  transition  zone,  track  hits  highway  directly. 

AVALANCHES : 

Has  run  to  the  road  at  least  twice  in  past  10 
years.   New  highway  construction  is  going  through 
this  area  and  will  alter  conditions  considerably. 

CLASSIFICATION: 
Smal 1-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Some  starting  points  in  the  cliffs  may  cause  dif- 
ficulty for  structural  control.   However,  the 
small  starting  zone  and  the  fact  that  it  lies  in 
a  generally  timbered  area  would  render  control 
with  supporting  structures  easy  and  economical. 
Afforestation  in  connection  with  some  protecting 
structures  should  be  studied  immediately. 


LOCATION : 

Front  Range;  north  slope  near  Loveland  Basin  ski 
area. 

CATCHMENT  BASINS: 

At  and  below  timberline;  north  slope  11,800-11,400 
feet  m.s.l.   There  are  seven  small,  bowl-shaped 
starting  zones  that  are  separated  by  timbered 
ridges.   The  whole  starting  area  of  all  seven 
avalanches  is  about  20  acres  (8  ha) . 

TRACKS : 

Seven  gullylike  tracks  on  a  timbered  slope;  verti- 
cal drop,  900  feet;  length,  1,400  feet;  average 
slope,  64  percent. 

RUNOUT  ZONE: 

No  transition  zone  between  the  tracks  and  the 
highway.   The  avalanches,  after  filling  the  road 
cut  with  snow,  travel  across  the  road  down  to 
Clear  Creek. 

AVALANCHES : 

Very  frequent;  usually  released  four  to  six  times 
a  v;inter  by  artillery  fire.   Avalanche  cycles  are 
recorded  as  early  as  mid-November  and  as  late  as 
the  end  of  April. 

CLASSIFICATION: 

A  group  of  seven,  small-frequent  avalanches. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  terrain  offers  no  special  difficulties  for 
control  by  supporting  structures.   Since  the  ava- 
lanches are  frequent,  control  measures  should  be 
studied  immediately.   Control  by  supporting  struc- 
tures in  connection  with  snowdrift  control  and 
afforestation  is  the  most  economical  procedure. 
Because  of  the  proximity  of  Loveland  Basin  ski  area 
and  the  chair  lift,  it  would  be  a  good  test  and 
study  field. 
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Highway  No.    6   — 
Lovcland  Pass 
Photo:  May   11,    1962 


FIVE  CAR   (L-?) 


LOCATION: 

Front  Ranwe ;  between  the  two  legs  of  the  second 
switchback  on  the  west  side  of  Loveland  Pass  on 
both  sides  of  Pass  Lake  Creek. 

STARTIKC  SPOTS: 

East  slope  between  the  two  legs  of  the  highway. 
The  starting  spots  lie  near  timberline  at  an  alti- 
tude of  11,600  feet  m.s.l.;  2-1/2  acres  (1  ha). 

TRACK: 

The  moving  snow  travels  only  a  short  distance  in 
a  poorly  defined  path;  average  slope,  51  percent. 

RUNOUT  ZONE: 

The  track  hits  the  highway  without  any  transition 
zone . 

AVALAJJCHES : 

December  20,  1951:  covered  the  highway  and  blocked 
traffic  from  4:30  p.m.  to  8:55  p.m.;  caught  five 
cars,  two  trucks;  buried  two  men.   January  7,  1957: 
covered  highway  for  250  feet  to  a  depth  of  10  feet. 
Has  run  to  the  road  at  least  14  times  in  the  past 
10  years. 

CLASSIFICATION: 
Small-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

A  spot  highly  qualified  as  a  test  field  for  sup- 
porting structures  because  the  starting  spots  lie 
immediately  below  the  highway,  so  there  is  no 
transportation  problem.   The  area  is  easy  to 
observe. 
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Highway  No.    6   — 
Love  land  Pass 
Photo:   Mcjj   21,    1961: 


GRIZZLY   (OR  WST  PATROL)      (L-8) 


LOCATION: 

Front  Range;  west  face  of  Grizzly  Peak. 

CATCffilENT  BASIN: 

Big  bowl  shaped,  west  face  of  Grizzly  Peak;  above 
timberline;  13,400-12,000  feet  m.s.l.;  110  acres 
(45  ha). 

TRACK: 

Narrow  gulch;  vertical  drop,  2,200  feet;  length, 
4,800  feet;  average  slope,  46  percent.   Upper  half 
of  track  is  very  steep,  64  to  70  percent;  lower 
half  is  more  gentle  with  average  slope  of  32  per- 
cent.  The  gulch  is  curved,  especially  in  the 
lower  half,  which  is  actually  part  of  the  runout 
zone  since  avalanches  normally  stop  here. 

RUNOUT  ZONE: 

In  case  of  a  large  avalanche,  the  runout  zone 
extends  to  the  highway.   This  part  of  the  runout 
zone  is  the  alluvial  fan  of  the  gulch  and  the  wide 
bottom  of  North  Fork  of  Snake  River.   Length, 
1,100  feet;  width,  100  feet;  average  slope,  18 
percent. 

AVALANCHES : 

This  avalanche  has  not  given  trouble  on  the 
highway  for  a  long  time. 

CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  is  not  urgent,  but  if  it  is  desirable  to 
protect  the  highway,  terrain  conditions  are  rather 
favorable  for  a  diversion  dam  in  the  runout  zone. 
Control  in  the  starting  zone  is  out  of  the  ques- 
tion because  it  is  too  big  and  rugged. 


Highway  No.    6   — 
Loveland  Pass 
Photo:  May  11,    1962 


LITTLE  PROFESSOR   (L-9) 


LOCATION : 

Front  Ranp.e ;  southeast  slope  of  surnmit  point 
12,293,  northwest  of  Arapaho  Basin  ski  area. 

CATCHMENT  BASIN: 

Uniform  southeast  slope;  above  timberline;  12,100- 
11,600  feet  m.s.l.;  7  acres  (3  ha). 

TRACK: 

Wide  opening  in  the  timber  of  the  slightly  bowl- 
shaped  slope;  vertical  drop,  1,260  feet;  length, 
2,700  feet;  average  slope,  47  percent.   This  ava- 
lanche has  a  tendency  to  spread  out  in  the  lower 
part;  the  width  of  the  track  is  800  feet  near  the 
highway. 

RUNOUT  ZONE: 

No  transition  zone  above  the  highway;  avalanches 
reach  the  parking  lot  of  Arapaho  Basin  ski  area. 

AVALANCHES : 

December  30,  1951,  covered  the  highway  5  feet 
deep.   Has  run  to  the  road  at  least  six  times  in 
past  10  years. 

CLASSIFICATION: 
Small -frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  terrain  conditions  are  favorable  for  control 
in  the  starting  zone.   Because  of  the  danger  to 
the  ski  area  parking  lot,  supporting  structures 
in  the  starting  zone  are  the  orly  Icj^ical  type  of 
control.   Since  access  to  the  starting  zone  is 
easy  and  very  good  observations  can  be  taken  from 
the  opposite  slope  during  the  whole  winter,  this 
avalanche  would  be  a  good  study  field  for  support- 
ing structures.   Snow  conditions  In  the  starting 
zone  may  be  difficult  because  heavy  snowdrifts 
must  be  expected. 
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Highway  No.    6   — 
Loveland  Pass 
Photo:   May   12,    1962 


ASSOCIATED  LITTLE  PROFESSOR 
(OR  CLIFF)      (L-10) 


LOCATION: 

Front  Range;  south  slope  of  summit  point  12,293 
northwest  of  Arapaho  Basin;  1,000  feet  west  of 
the  LITTLE  PROFESSOR  avalanche. 

STARTING  ZONE: 

Funnel-shaped  erosion  surface  below  timberline; 
very  few  trees  on  the  steep,  rocky  slope;  11,600- 
11,200  feet  m.s.l.;  7  acres  (3  ha). 

TRACK: 

Opening  in  the  woods;  slightly  bowl  shaped; 

vertical  drop,  800  feet;  length,  1,300  feet; 

average  slope,  62  percent;  width,  200  feet. 

RUNOUT  ZONE: 

No  transition  zone  above  highway;  track  hits 
highway  directly. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Since  the  starting  zone  shows  a  tendency  to  erode 
by  rockfall,  its  stabilization  should  be  studied. 
Except  for  the  unstable  ground  and  some  very 
steep  spots,  there  are  no  difficulties  for  control 
with  supporting  structures.   Afforestation  would 
be  the  most  important  control  measure. 


Highway  No.    6  — 
Loveland  Pass 
Photo:  May  9,    1962 


PALLAVICmi   (L-11) 

LOCATION : 

Front  Range;  north  slope  of  summit  point  12,14A 
southwest  of  Arapaho  Basin  ski  area, 

CATCHMENT  BASIN: 

Bowl-shaped  depression  in  the  north-facing  slope; 
above  and  below  timberline;  12,000-11,200  feet 
m.s.l.;  15  acres  (6  ha). 

TRACK: 

Wide  opening  in  the  heavily  timbered  slope;  verti- 
cal drop,  1,280  feet;  length,  2,700  feet;  average 
slope,  47  percent. 

RUNOUT  ZONE: 

Flat  bottom  of  the  Snake  River  Valley;  under 
severe  conditions  the  avalanche  may  run  across  the 
500-f oot-wide  valley  bottom  and  reach  the  highway 
on  the  opposite  slope. 

AVALANCHES : 

The  starting  zone  is  controlled  intensively  by 
explosives  and  protective  skiing  because  it  lies 
within  the  Arapaho  Basin  ski  area. 

CLASSIFICATION: 

Intensive  skiing  stabilizes  the  snowpack  in  the 
starting  zone.   Therefore,  it  is  very  unlikely 
that  big  snow  masses  will  start.   During  prolonged 
and  severe  storms,  however,  when  no  skiing  is 
possible,  the  snow  masses  may  become  big  enough 
to  form  an  avalanche  that  reaches  the  highway. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Terrain  and  vegetation  conditions  would  be  favor- 
able for  control  by  supporting  structures;  however, 
structural  control  is  out  of  the  question  because 
of  ski  use  of  this  avalanche  track. 
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Highway  No.    6   — 
Loveland  Pass 
Photo:   January  9, 


1962 


BLACK  WIDOW   (L-12) 


LOCATION: 

Front  Range;  south  slope  of  summit  point  12,293 
northwest  of  Arapaho  Basin  ski  area. 

CATCHMENT  BASIN: 

Bowl-shaped  depression  in  the  slope  above  and 
below  timberline;  12,100-11,500  feet  m.s.l.   Also 
a  narrow  and  very  steep  opening  in  the  timber  to 
the  west  of  the  main  avalanche.   The  two  tracks 
join  just  before  reaching  the  highway,  20  acres 
(8  ha). 

TRACK: 

Main  track — steep  trough  in  the  slope;  wide  in  the 
upper  part;  narrow  in  the  lower  part.   Vertical 
drop,  1,400  feet;  length,  2,500  feet;  average  slope, 
56  percent.   Secondary  track — steep  slot  in  the 
timber;  vertical  drop,  920  feet;  length,  1,500 
feet;  average  slope,  61  percent. 

RUNOUT  ZONE: 

No  transition  zone  above  highway;  track  is  200 
feet  wide  where  it  crosses  highway;  runout  zone 
is  below  road  in  valley  bottom. 

AVALANCHES : 

Ran  on  January  6,  1962.   Has  run  to  the  road  at 
least  six  times  in  past  10  years  and  usually 
brings  debris  to  the  highway. 

CLASSIFICATION: 
Medium- frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Terrain  conditions  are  favorable  for  control  by 
supporting  structures.   Since  this  is  a  medium- 
size  avalanche,  an  avalanche  shed  should  also  be 
considered.   Some  guide  walls  in  the  track  would 
make  a  shorter  shed  possible. 


Highway  No.    6   — 
Loveland  Pass 
Photo:  May   11,    1962 


HAPPY  END    (OP  FINGER)      (L-15) 


LOCATION : 

Front  Range;  southeast  slope  of  a  timbered  ridge 
(11,320  feet),  1-1/2  miles  west  of  Arapaho  Basin 
ski  area. 


STARTING  ZONE: 

A  very  steep  channel-like  depression  in  the  slope 
vjith  a  tendency  for  erosion.   It  is  partly  rocky 
and  has  scattered  timber;  11,500-11,000  feet 
m.s.l.;  5  acres  (2  ha). 

TRACK: 

Narrow  opening  or  slot  in  the  forest;  vertical 
drop,  1,060  feet;  length,  1,600  feet;  average 
slope,  66  percent. 

RUNOUT  ZONE: 

No  transition  zone  above  highway;  track  crosses 
highway  and  runout  zone  lies  below  road  in  valley 
bottom. 

AVALAIICHES : 

Has  run  to  the  road  at  least  twice  in  past  10 
years . 

CLASSIFICATION: 

Small-occasional.   In  an  average  winter,  only  a 
little  snow  would  be  expected  in  this  area. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Since  the  starting  zone  shows  a  tendency  to  erode, 
mostly  by  rockfall,  its  stabilisation  should  be 
studied.   Other  than  some  cliffs  and  very  steep 
spots,  there  would  be  no  difficulties  for  control- 
ling it  with  supporting  structures.   Afforestation 
would  be  the  most  important  control  measure. 


SUMMARY   FOR  HIGHWAY  No.    160:    WOLF  CREEK  PASS 

The  avalanches  on  Wolf  Creek  Pass  can  be  easily  clas- 
sified into  four  very  distinct  and  homogeneous  groups: 

Group  1:  Albertas- -ALBERTA,  ALBERTA'S  COUSIN 
Group  2:   Organ  Pipes--STEPHEN,   DANIEL,  ANDREW, 

KATHY  (160  EAST  H,  160  EAST  I,  160  WEST) 
Group  3:  Sheep    Mountain- -PIT,    CAMP,  SNOWFLAKE, 

BOULDER  CREEK 
Group  4:  Afforestations- -SWITCHBACK,  PALISADES 
The  Coyotes  or  Cliffs  are  considered  bankslides. 

A  general  structural  defense  plan  should  start  with  the 
two  easiest  groups,  the  Albertas  and  the  Afforestations. 
There  is  little  question  that  control  of  the  starting  zone  is 
the  appropriate  procedure  for  these  two  groups.  Special 
precautions  may  be  -needed  for  the  steep  places  in  the 
PALISADES. 

The  Organ  Pipes  and  Sheep  Mountain  groups  have  sev- 
eral features  in  common  and  the  appropriate  type  of  struc- 
tural control  is  still  in  question.  Access  to  the  starting 
zone  is  often  difficult  and  the  possibility  of  help  from  af- 
forestation is  limited.  The  larger  avalanches  of  these 
groups  might  be  controlled  by  avalanche  sheds  while  the 
small  ones  offer  a  better  chance  for  supporting  structures 
in  the  starting  zones.  More  information  and  observations 
are  needed  before  definite  recommendations  can  be  made. 
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Highway  No.    160   — 
Wolf  Creek  Pass 
Photo:  March  26,    1962 


PALISADES   (W-1) 


LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  west 
slope  of  Treasure  Mountain. 

STARTING  ZONE: 

In  steep  cliffs  just  above  the  highway.   On  the 
cliffs  are  scattered  trees;  starting  spots  are 
indefinite,  9,200-8,400  feet  m.s.l.;  7  acres  (3  ha) 

TRACKS : 

Indefinite;  the  snow  may  fall  from  several  spots 
and  gullylike  depressions  in  the  cliffs;  vertical 
drop,  800  feet;  length,  1,200  feet;  average  slope, 
67  percent.   For  a  distance  of  800  feet  along  the 
road  avalanches  hit  the  highway  directly;  the 
snow  masses  fall  almost  vertically  into  the  road 
cut. 

RUNOUT  ZONE: 

In  the  bed  of  IVolf  Creek  below  the  highway. 

CLASSIFICATION: 
Small- frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Most  obvious  is  the  control  of  the  starting  zone 
by  supporting  structures.   Because  the  cliffs 
will  give  considerable  difficulties,  the  condi- 
tions must  be  studied  further. 
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Highway  No.    160  — 
Wolf  Creek  Pass 
Photo:  March  26,    1962 


SWITCHBACK   (W-2) 


LOCATION: 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  south- 
east slope  of  Sheep  Mountain. 

STARTING  ZONE: 

In  little  cliffs  and  on  steep  spots  of  a  generally 
timbered  slope;  9,400-8,800  feet  m.s.l.;  2  acres 
(1  ha). 

TRACK: 

Several  slots  in  the  timber,  not  confined;  verti- 
cal drop,  600  feet;  length,  900  feet;  average 
slope,  67  percent;  sliding  snow  masses  may  cross 
the  switchback  twice. 

RUNOUT  ZONE: 

No  transition  zone  above  highway. 

CLASSIFICATION: 
Small-occasional , 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Adequate  control  could  definitely  be  obtained  by 
means  of  supporting  structures  and  afforestation. 


Highway  No.    160   — 
Wolf  Creek  Pass 
Photo:  July  S,    1962 


BOULDER  CREEK   (W-3) 


LOCATION: 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  southeast  slope  of  Sheep 
Mountain. 

CATCHMENT  BASIN: 

Two  separate  bowl-shaped  basins  on  the  south-  and  southeast-facing 
slopes  of  Boulder  Creek;  the  basins  are  steep  and  somewhat  cliffy;  below 
tiraberline;  11,100-10,600  feet  m.s.l.;  30  acres  (12  ha). 

TR.\CK: 

Two  tracks  join  at  elevation  of  10,000  feet  m.s.l.;  track  of  the  soatfi- 
facing  basin,  2,200  feet;  average  slope,  51  percent.   Southeast-facin", 
track,  2,700  feet;  average  slope,  36  percent.   Below  10,000  feet  m.s.l.; 
common  track  follows  gully  of  Boulder  Creek:  length,  2,000  feet;  aver- 
age slope,  45  percent.   Usually,  only  avalanches  of  south-facing  catch- 
ment basin  run  to  highway;  width  of  track  near  highway  200  feet. 

RUNOUT  ZONE: 

Track  is  steep  where  it  crosses  highway;  runout  zone  lies  in  gorge  of 
Wolf  Creek  below  highway. 

CLASSIFICATION: 

Medium-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  in  starting  zones  is  technically  possible,  but  uneconomical  due 
to  remoteness  and  extent  of  catchment  basins.   Mouth  of  Boulder  Creek 
is  bad  spot  because  of  rockfalls;  an  avalanche  shed  would  be  best,  and 
would  help  eliminate  bankslides  of  earth  and  boulders. 

SmWFLAKE   (OR  BIG)      (W-4) 

LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  southeast  slope  of  Sheep 

Mountain. 
CATCHMENT  BASIN: 

Bowl-shaped  depression  on  ridge;  some  cliffs;  below  timberline;  11,100- 

10,400  feet  m.s.l.;  15  acres  (6  ha). 
TRACK: 

Gullylike  depression  in  slope;  vertical  drop,  1,900  feet;  length,  4,000 

feet;  average  slope,  48  percent;  width  of  track  near  highway,  500  feet. 
RUNOUT  ZONE: 

No  transition  zone  above  highway;  crosses  highway  and  runs  down  to  gorge 

of  Wolf  Creek. 
CLASSIFICATION: 

Medium-occasional. 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  zone,  including  afforestation,  is  most  obvious. 
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Highway  No.    160   — 
Wolf  Creek  Pass 
Photo:  July  5,    1962 


LOCATION : 

San  Juan  "ountains.  Wolf  Creek  Pass  west. 

starti::g  zone: 

Grooved  and  rugged  south  slope  of  ridge  between  Camp  Creek  and  Lake  Creek; 
below  timberline;  11,400-10,600  feet  m.s.l.;  steep  slope  shows  some  cliffs 
and  has  scattered  timber;  10  acres  (4  ha). 

TRACK : 

Two  distinct  parts;  upper  two-thirds  of  length  follows  two  depressions  in 
slope:  vertical  drop,  1,440  feet;  length,  2,300  feet;  average  slope,  63 
percent;  at  lower  end  of  this  first  section,  the  avalanche  turns  a  right 
angle  to  left  and  follows  for  1,500  feet  the  gully  of  Camp  Creek  at  an 
average  slope  of  only  30  percent. 

P.UNOUT  ZONE: 

Only  under  exceptionally  severe  conditions  would  the  avalanche  run  down 
the  second  section  in  the  narrow  gully  and  reach  the  highway.   Normally, 
avalanches  stop  at  foot  of  steep  first  section  of  track. 

CLASSIFICATION: 
Vedium-erratic. 

POSSIBILITIES  FOR  STRUCTUPJVL  CONTROL: 

Starting  zone  lies  entirely  in  timber;  control  here  is  unlikely  because  of 
ruggedness  and  size.  Diversion  dams  or  catching  dams  might  be  possible  in 
lower  part  of  track.   A  more  detailed  examination  is  necessary. 

PIT   (W-6) 


Wolf  Creek  Pass  west; 
Creek. 


south  slope  of  ridge  between 


11,200-10,800  feet  m.s.l.;  below  timberline;  2  acres 


LOCATION: 

San  Juan  I'ountains, 

Camp  Creek  and  Lake 
STARTING  ZONE: 

Depression  in  ridge: 

(1  ha). 
TRACK: 

Slot  in  timbered  slope;  steep  track  comes  doiKm  to  highway  and  hits  it  full 

speed.   Vertical  drop,  1,720  feet;  length,  3,200  feet;  average  slope,  54 

percent.   Track  shows  a  gentle  middle  section,  but  is  very  steep  where 

it  crosses  road.   Width  of  track  near  highway,  500  feet. 
AVALANCHES : 

Two  trucks  were  knocked  off  road  in  winter  of  1957-58;  slide  is  hard  to 

control  with  artillery. 
CLASSIFICATION: 

Small-occasional . 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  zone  is  probably  most  economical  control  measure. 

Since  whole  track  lies  on  timbered  slope,  afforestation  would  be  an 

integral  part  of  project. 
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Highway  No.    160  — 
Wolf  Creek  Pass 
Photo:  March  26,    1962 

(ORGAN  PIPE  GROUP) 

KATHY   (OR  160  WEST)      (W-7) 

LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  south 
slope. 

CATCHMENT  BASIN: 

Depression  in  ridge  forming  left  shoulder  of  Lake 
Valley;  below  timberline;  11,200-10,600  feet  m.s.l.; 
7  acres  (3  ha) . 

TRACK: 

Steep  slope,  track  falls  over  cliffs  twice;  verti- 
cal drop,  1,300  feet;  length,  2,300  feet;  average 
slope,  56  percent.   Track  crosses  highway  without 
transition  zone;  width  of  track,  130  feet. 


RUNOUT  ZONE: 

Valley  bottom  of  Wolf  Creek  below  the  highway. 

CLASSIFICATION: 
Smal 1-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  zone  by  supporting  structures 
and  afforestation  seems  most  promising. 
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ANDREW   (OR  160)      (W-8) 

LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  south 
slope. 

CATCHMENT  BASIN: 

A  large  cirque  with  steep  rims  above  timberline; 
11,600-10,800  feet  m.s.l.;  37  acres  (15  ha). 

TRACK: 

A  gully  with  irregular  slope;  terraces  alternate 
with  cliffs;  vertical  drop,  1,670  feet;  length, 
A, 000  feet;  average  slope,  42  percent. 

RUNOUT  ZONE: 

Alluvial  fan  of  the  gully;  length  (above  highway) 
1,200  feet;  average  slope,  30  percent;  width  of 
runout  zone,  300  feet.   Below  highway,  avalanche 
crosses  to  valley  bottom  of  Wolf  Creek. 

CLASSIFICATION: 
Large-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Because  of  extent  of  catchment  basin,  it  is  unlikely 
that  control  of  starting  zone  is  economical.   Run- 
out zone  above  highway  is  too  steep  to  use  retarding 
or  catchment  structures.   The  bedrock,  a  ledge  near 
the  highway,  is  favorable  for  construction  of  an 
avalanche  shed. 


DANIEL    (OR  160  EAST  I)      (W-9) 

LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  south 
slope. 

CATCHMENT  BASIN: 

Holes  in  a  band  of  cliffs  and  depressions  in  steep 
slope.   Above  and  below  tiraberline;  11,600-10,400 
feet  ra.s.l.;  10  acres  (4  ha).   Starting  spots  are 
indefinite. 

TRACK: 

Irregular,  steep,  and  rocky  slope;  steep  cliffs 
alternate  with  flat  terraces;  vertical  drop,  1,600 
feet;  length,  2,500  feet;  average  slope,  64  per- 
cent.  Track  is  250  feet  wide  where  it  crosses 
highway. 

RUNOUT  ZONE: 

Above  highway  is  a  slight  transition  zone.   Track 
has  an  average  slope  of  40  percent  for  a  length  of 
about  500  feet.   Runout  zone  extends  to  valley 
bottom  of  Wolf  Creek  below  highway. 

CLASSIFICATION: 

Medium-occasional. 

POSSIBILITIES  FOP  STRUCTURAL  CONTROL: 

Ruggedness  of  terrain  is  unfavorable  for  control  of 
starting  zone;  starting  zone  not  well  defined; 
further  studies  needed  for  economical  control. 


^TEPHEN   (OR  160  EAST  II)      (W-10) 

LOCATION: 

San  Juan  Mountains,  Wolf  Creek  Pass  west;  south 
slope. 

CATCHMENT  BASIN: 

Depressions  in  cliffs  and  several  steep  slopes; 
11,600-10,400  feet  m.s.l.;  above  and  below  timber- 
line;  5  acres  (2  ha);  starting  spots  are  indefinite. 

TRACK: 

Irregular,  steep,  and  rocky  slope;  steep  cliffs 
alternate  with  flat  terraces;  vertical  drop,  1,600 
feet;  length,  2,500  feet;  average  slope  64  percent. 
Track  is  200  feet  wide  where  it  crosses  highway. 


STEPHEN 


RUNOUT  ZONE: 

Runout  zone  lies  mainly  below  highway  in  flat  valley 
bottom  of  Wolf  Creek.   There  is  only  a  slight  de- 
crease in  slope  of  track  above  road. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  zone  may  be  difficult  because 
the  starting  spots  are  rugged  and  indefinite. 
Since  it  is  only  a  small  avalanche,  the  possibilities 
of  controlling  the  starting  zone  should  be  studied 
in  more  detail. 
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ALBERTA    (W-11) 


Highway  No.    260  — 
Wolf  Creek  Pass 
Photo:  January  5,    1962 


LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  east;  southeast  slope  of 

Thunder  Mountain. 
STARTING  ZONE: 

Southeast-facing  ridge;  11,200-10,900  feet  m.s.l.;  below 

timberline;  2  acres  (1  ha). 
TRACK : 

Wide  slot  in  timber;  a  slight  depression  in  slope;  path  is 

covered  with  thick  stand  of  young  trees;  rocks  and  boulders 

in  upper  part;  vertical  drop,  900  feet;  length,  1,600  feet; 

average  slope,  56  percent. 
RUNOUT  ZONE: 

Track  crosses  highway;  runout  zone  is  below  highway  in  gully 

of  Pass  Creek. 
CLASSIFICATION: 

Small-occasional . 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Starting  zone  can  be  controlled  with  supporting  structures. 

No  technical  difficulties;  forest  will  later  replace  almost 

all  structures. 

ALBERTA'S  COUSIN    (W-T?) 

LOCATION : 

San  Juan  Mountains,  Wolf  Creek  Pass  east;  east  slope  of 
Thunder  Mountain. 

CATCINENT  BASIN: 

Below  crest  of  north-south  ridge  of  Thunder  -lountains;  top 
just  at  timberline:  bigger  part  below  timberline:  ll,''iOO- 
11,000  feet  m.s.l.;  10  acres  (4  ha). 

TPvACK : 

A  curved  gully;  vertical  drop,  1,040  feet;  length,  2,800 
feet;  average  slope,  37  percent. 

RUJIOUT  ZONE: 

Flat  middle  section  reduces  average  slope  to  37  percent. 
Many  avalanches  do  not  pass  middle  section.   Thus,  for  small 
avalanches,  middle  track  is  runout  zone.   Large  avalanches 
cross  highway  and  run  dox^m  to  Pass  Creek  Cully. 

CLASSIFICATION: 

Medium-occasional . 

POSSIBILITIES  FOR  STRUCTUR.\L  CONTROL: 

Terrain  is  favorable  for  supporting  structures.   Some  trouble 
would  be  caused  by  excessive  snowdrift  from  gentle  west  slope 
of  Thunder  Mountain  into  catchment  basin.   Studies  initiated 
with  drift  defenses  (snow  fences)  should  bo  continued. 


SUMMARY  FOR  HIGHWAY  No.  550: 
COAL  BANK  HILL  AND  MOLAS  DIVIDE 

Of  the  13  avalanches  listed  by  the  Colorado  Highway 
Department  for  this  section  of  Highway  550,  the  West  and 
East  Lime  Creek  are  considered  bankslides,  and  the 
HENRY  BROWN  and  SWAMP  belong  together;  therefore, 
our  list  contains  only  10  avalanches.  There  are  four  groups 
of  avalanches: 


Group  1:   ENGINEER 

Group  2:   COAL     CREEK,     HENRY    BROWN,     SWAMP, 

SPRINGS 
Group  3:   KINO  MINE 
Group  4:   Champion     group- -DEADWOOD,     CHAMPION, 

PEACOCK,    JENNIE    PARKER,    GLADSTONES 


All  these  avalanches  can  be  controlled  by  either  sup- 
porting structures  in  the  starting  zone  plus  afforestation, 
or  by  diverting  or  catchment  structures  in  the  runout  zone. 


Group  2  (COAL  CREEK,  HENRY  BROWN,  SWAMP,  and 
SPRINGS),  and  most  of  the  Champion  group,  can  be  con- 
trolled by  supporting  structures  and  afforestations.  CHAM- 
PION and  JENNIE  PARKER  may  present  some  difficulties. 

Although  ENGINEER  can  also  be  controlled  fairly  well 
by  supporting  structures  in  the  starting  zone,  it  offers  very 
little  threat  to  the  highway,  and  a  diversion  structure  might 
be  less  expensive. 

The  large  catchment  basin  above  KINO  MINE  means 
supporting  structures  would  be  expensive.  Avalanches  might 
therefore  be  controlled  by  diversion  and/or  catchment 
structures,  or,  if  detailed  studies  show  that  this  would  not 
be  safe  enough,  by  an  avalanche  shed  in  combination  with 
guide  dams. 

There  is  no  good  modern  topographic  map  for  the  area 
south  of  Molas  Park.  Therefore,  map  designations  start 
with  the  Molas  Divide  group  of  avalanches.  Map  designation 
M-1  would  be  SPRINGS  (or  WATERFALL)  avalanche;  it  is 
off  the  available  map. 
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Hinhwaij  No.    550  — 
Coal  Bmk  Hill 
Photo:   July  4,    1062 


ENGINEER    (C-1) 


LOCATION : 

San  Juan  Mountains,  near  top  of  Coal  Bank  Hill; 
east-facing  cliff  and  east  slope  on  the  east 
shoulder  of  Engineer  Mountain,  600  feet  north  of 
highest  point  (Benchmark  10,664)  of  Coal  Bank  Hill. 

CATCHMENT  BASIN: 

Cliffs  and  steep  but  short  slope;  below  timberline; 
11,700-11,200  feet  m.s.l.;  2-1/2  acres  (1  ha). 

TRACK: 

Grooved,  steep  slope  with  numerous  small  cliffs; 
no  definite  track;  the  entire  slope  may  run. 

RUNOUT  ZONE: 

Lower  half  of  slope  becomes  more  gentle,  and  near 
highway  is  nearly  flat. 

CLASSIFICATION: 

Small-frequent.   Only  in  exceptional  cases  does  it 
reach  the  highway,  however. 

POSSIBILITIES  FOR  STRUCTURi\L  CONTROL: 

Forest  on  slope  was  probably  cleared  off  by  ava- 
lanche.  Supporting  structures  would  be  possible. 
Since  track  is  short  avalanches  do  not  reach  high 
speeds.   A  catchment  dam  in  the  flat  runout  zone 
would  also  be  possible. 


Highway  No.    550   — 
Coal  Bank  Hill 
Photo:  July  4,    1962 


COAL  CREEK   (C-2) 


LOCATION: 

San  Juan  Mountains:  east  side  of  Coal  Bank  Hill. 
Northeast-facing  scarp  of  Coal  Creek  cominp,  down 
from  Engineer  Mountain. 

STARTINC  ZONE: 

Slides  start  in  light  to  moderately  thick  timber 
on  the  northeast-facing  slope:  10,500-10,300  feet 
m.s.l.:  1  acre  (1/2  ha). 

TRACK: 

Not  confined;  avalanches  slide  through  small  open- 
ings in  timber.   Vertical  drop,  300  feet;  length, 
500  feet;  average  slope,  60  percent. 

RUNOUT  ZONE: 

No  runout  zone  above  highway;  avalanches  come  down 
through  timber  and  hie  highway  directly. 

CLASSIFICATION: 
Small-erratic . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Very  easy  to  control  by  supporting  structures; 
integral  part  of  defense  works  would  be  afforest- 
ation of  openings  in  timber. 


Highway  No.    550   — 
Coal  Bank  Hill 
Photo:   July  4,    1962 

HENRY  BROWN   (C-3) 
SWAMP   (C-4) 

LOCATION : 

San  Juan  Mountains;  east  side  of  Coal  Bank  Hill; 
southeast  slope  of  the  smooth  ridge  between  Coal 
Creek  and  Lime  Creek. 

STARTING  ZONES: 

Scarps  of  the  ridge;  10,700-10,300  feet  m.s.l.; 
2-1/2  acres  (1  ha) . 

TRACKS : 

Two  gullylike  depressions  on  slope;  upper  parts  of 
tracks  are  steep,  becoming  more  and  more  gentle  in 
lower  parts. 


RUNOUT  ZONE: 

Smaller  slides  usually  do  not  reach  highway. 
snow  masses,  however,  cross  the  road. 


5ig 


AVALANCHES: 

HENRY  BROWN  is  named  after  a  man  who  was  knocked 
off  the  road  by  a  slide.   SWAMP  slide  is  just  north 
of  HENRY  BROWN.   Both  slides  have  trees  planted  on 
both  sides  of  the  track  but  not  in  it. 
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CLASSIFICATION: 
Small-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  is  principally  a  matter  of  afforestation. 
On  steep  slopes,  supporting  structures  would  help 
to  protect  both  the  highway  and  the  young  trees. 
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Highway  No.    550   — 

Molas  Divide 

Photo:  January  3,   2962 

SPRINGS   (OR  WATERFALLS)      (M-1) 

LOCATION: 

San  Juan  Mountains,  Molas  Divide  south;  southwest- 
facing  scarp  of  Lime  Creek. 

STARTING  ZONE: 

Three  short  gullies  running  down  from  the  flat  pla- 
teau to  a  little  tributary  to  Lime  Creek;  10,700- 
10,400  feet  m.s.l.;  5  acres  (2  ha). 

TRACKS : 

Vertical  drop,  500  feet;  length,  700  feet;  average 
slope,  70  percent.   Tracks  hit  highway  directly, 
without  a  transition  zone. 

RUNOUT  ZONE: 

Tracks  cross  highway,  and  snow  masses  run  to  bottom 
of  creek. 

AVALANCUES : 

Run  during  storms;  after  a  storm,  snow  settles  fast 
and  stabilizes  quickly. 


CLASSIFICATION: 
Snal 1-f rcquent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  would  be  principally  a  matter  of  afforest- 
ation of  the  steep  bank;  supporting  structures 
would  heln  to  protect  both  the  highway  and  the 
plantation  of  trees. 


Highway  No.    550   — 
Molas  Divide 
Photo:   Julu  4,    1962 


KINO  MINE   (M-2) 


LOCATION: 

North  and  south  of  Cataract  Gulch,  San  Juan  Moun- 
tains; Molas  Divide  north;  east  slope  of  Grand  Turk. 

CATCHMENT  BASIN: 

Wide,  irregular  east  slope;  above  timberline;  13,000- 
11,400  feet  ra.s.l.;  60  acres  (25  ha). 


TRACK: 

Irregular  slope;  vertical  drop,  2,400  feet:  length, 
3,400  feet;  average  slope,  70  percent.   End  of 
track  is  indefinite:  slow-moving  snow  masses  stop 
on  flat  between  highway  and  contour  line  10,600 
feet  m.s.l.;  fast-moving  snow  masses  cross  flat 
section  and  highway.   Upper  part  of  track  is  ill 
defined,  laterally.   Just  above  highway,  two  usual 
paths  can  be  distinguished:  Cataract  South  and 
Cataract  North. 

RUNOUT  ZONE: 

Lower  section  of  east  slope  of  Grand  Turk  just 
above  highway.   Vertical  drop,  520  feet;  length, 
1,800  feet;  average  slope,  28  percent.   Runout 
zone  is  1,000  feet  wide  near  highway.   Section  of 
track  below  contour  line  10,600  feet  m.s.l.  prob- 
ably is  part  of  runout  zone. 

AVALANCHES : 

Unimportant  so  far  as  highway  is  concerned. 

CLASSIFICATION: 

Large-erratic;  Cataract  North  may  run  more  easily 
than  Cataract  South. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Use  of  supporting  structures  is  unlikely  when  extent 
of  catchment  basin  and  erratic  occurrence  of  ava- 
lanches dangerous  to  the  highway  are  considered. 
The  gentle  slope  below  10,600  feet  m.s.l.  is 
favorable  for  diversion,  retarding,  or  catchment 
structures . 
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Highway  'Jo.    550   — 
Molas  Divide 
Photo:   July  4,    1962 


DEADWOOD    n-3) 
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LOCATION : 

San  Juan  Mountains,  Molas  Divide  north;  east  slope 
of  a  ridp,e  that  forms  north  border  of  Deadwood 
Oulch. 

STARTING  ZONE: 

Irregular  slope  with  cliffs;  below  tinberline: 
10,900-10,400  feet  m.s.l.;  5  acres  (2  ha). 

TRACK: 

Irregular  east  slope:  not  confined;  vertical  drop, 
940  feet;  length,  1,500  feet;  average  slope,  63 
percent. 

AVALANCHES : 

Very  seldom  reaches  road. 

CLASSIFICATION: 
Small-occasional . 
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POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Terrain  and  vegetation  conditions  are  favorable  for 
supporting  structures. 
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Highway  No.    550   — 
Molas  Divide 
Photo:   July  4,    1962 


CHAMPION   (M-4) 


LOCATION : 

San  Juan  Mountains,  Molas  Divide  north;  east  slope 
on  east  shoulder  of  Sultan  Mountain. 

STARTING  ZONE: 

Irregular  slope;  rounded  outcropping  bedrock  forms 
some  cliffs;  scattered  timber;  11,000-10,400  feet 
m.s.l.;  15  acres  (6  ha). 

TRACK: 

Trough-shaped  slope  above  and  below  highway.   For 
track  above  the  highway — vertical  drop,  1,000  feet; 
length,  1,700  feet;  average  slope,  60  percent. 
Track  is  500  feet  wide  where  it  crosses  highway. 

RUNOUT  ZONE: 

Alluvial  flat  of  Animas  River,  9,200  feet  m.s.l.; 
well  below  highway. 

AVALANCHES : 

Dangerous  avalanche  that  can  run  almost  any  time, 
but  usually  not  large.   Snov/  comes  do\<m    a  narrow 
slot  and  hits  road  at  full  speed;  has  taken  a  bus 
and  a  snowplow  off  road  at  different  times.   Artil- 
lery control  has  never  been  successful. 

CLASSIFICATION: 

Medium-occasional. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Terrain  conditions  are  favorable  for  installation 
of  supporting  structures.   Some  field  checks  needed 
to  locate  starting  spots. 
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Highway  No.    550   — 
Molas  Divide 
Photo:   July  4,    1962 


PEACOCK   (M-5) 


LOCATION : 

San  Juan  Mountains,  Molas  Divide  north;  northeast 
slope  of  the  east  shoulder  of  Sultan  Mountain. 

STARTING  SPOT: 

Top  of  narrow  opening  in  woods;  10,800-10,200  feet 
m.s.l.;  1  acre  (1/2  ha). 

TRACK: 

Very  steep,  narrow  slot  in  timber;  for  section  of 
track  above  highway — vertical  drop,  1,080  feet; 
length,  1,500  feet;  average  slope,  72  percent. 
Avalanches  cross  highway  at  an  elevation  of  9,700 
feet  m.s.l.  and  continue  downward  to  alluvial 
flat  of  Animas  River,  9,200  feet  m.s.l. 

RUNOUT  ZONE: 

Alluvial  flat  of  Animas  River,  9,200  feet  m.s.l. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  until  aisle  is  afforested 
and  avalanche  is  eliminated. 


Highuay  No.    550   — 

Mo  las  Divids 

Photo:  March  24,    1962 


JENNIE  PARKER   (M-6) 


LOCATION : 

San  Juan  Mountains,  Molas  Divide  north;  east  slope 
of  east  shoulder  of  Sultan  Mountain. 

STARTING  ZONE: 

Irregular,  partly  bowl-shaped  east  slope;  rocky 
benches  and  cliffs  alternate  with  flatter  sections 
of  slope;  sparsely  timbered;  11,000-10,200  feet 
m.s.l.   Difficult  to  delineate  starting  spots  and 
extent  of  starting  zone.   20  acres  (8  ha). 

TRACK: 

Two  paths  separated  by  a  timbered  spot;  vertical 
drop,  1,300  feet;  length,  1,900  feet;  average  slope, 
68  percent.   Track  is  600  feet  wide  where  it  crosses 
highway. 

RUNOUT  ZONE: 

Gentle  slopes  below  highway  and  alluvial  flat 
of  Animas  River. 

AVALANCHES : 

One  of  the  very  bad  slides  in  Molas  Divide-Silverton 
area. 


CLASSIFICATION: 
Medium-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Because  starting  spots  lie  below  timberline  in  a 
generally  timbered  area,  control  appears  to  be  by 
supporting  structures  and  afforestation.   Starting 
spots  are  very  indefinite  and  some  cliffs  may  cause 
trouble,  however.   If  careful  field  checks  indicate 
that  timber  could  be  expected  to  come  in  after 
slides  were  controlled,  then  supporting  structures 
would  be  recommended.   If  prospects  for  revegeta- 
tion  were  poor,  an  avalanche  shed  would  be  best 
control  method. 


GLADSTONES   (M-7) 

LOCATION : 

San  Juan  Mountains,  Molas  Divide  north;  northeast 
slope  on  the  east  shoulder  of  Sultan  Mountain. 

STARTING  ZONE: 

Two  narrow  aisles  in  a  heavily  timbered  steep  slope; 
11,000-10,200  feet  m.s.l.;  2-1/2  acres  (1  ha). 

TRACK: 

T\*o  gullylike  paths  in  timber.   Vertical  drop,  1,400 
feet;  length,  2,500  feet;  average  slope,  58  percent. 

RUNOUT  ZONE: 

Track  crosses  highway;  avalanches  run  down  to 
gentle  section  of  slope  below  highway. 

AVALANCHES : 

Cause  little  trouble  for  road. 

CLASSIFICATION: 
Small-erratic. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Most  obvious  counter  measure  is  to  replant  gullies 
to  trees. 


SUMMARY  FOR  HIGHWAY  No.  550:   RED  MOUNTAIN  PASS 

This  pass  has  a  large  number  of  avalanches;  the  list 
shows  four  bankslides  (ROCKWALL,  FENCE,  SNOWFLAKE, 
and  TWIN  BRIDGES)  and  30  avalanches.  On  the  south  side 
of  Red  Mountain  Pass  from  Brown's  Gulch  near  the 
BROOKLYNS  to  Porphyry  Gulch  near  the  summit  of  the 
Pass,  there  is  a  nearly  continuous  belt  of  avalanches  for 
3-1/2  miles  along  the  highway.  Red  Mountain  Pass  also  has 
the  biggest  and  most  striking  avalanches--EAST  GUADA- 
LUPE with  its  150-acre  catchment  basin,  and  EAST 
RIVERSIDE  with  its  tremendous  shooting  track. 

The  strip  map  compiled  by  the  Colorado  Highway  De- 
partment shows  location  and  names  of  several  avalanches 
or  slides  along  U.  S.  Highway  550  which  could  not  be  lo- 
cated exactly  on  the  terrain.  These  are  BENNY  LONG, 
SILVER  LEDGE  MILL,  ROCKWALL,  SILVER  LEDGE  MINE, 
FENCE,  SNOWFLAKE,  and  BARSTOW.  On  the  other  hand, 
some  avalanches  that  have  been  added  to  the  list  are: 
BATTLE  SHIP,  IMOGENE,  KING,  GOVERNOR  GULCH, 
GALENA  LION  GULCH,  IRONTON  PARK,  and  WEST 
GUADALUPE. 

To  help  evaluate  control  measures,  the  numerous  ava- 
lanches are  classified  into  groups  that  show  similar 
features,  and/or  require  the  same  control  measures: 

Group  1:  Boulder  Slopes--WATER  GAGE,  OLD  SOUTH 
MINERAL  ROAD,  PIT 

Group  2:   ZUNI 

Group  3:   CEMENT  FILL 

Group  4:  Mineral  Gorge--BATTLE  SHIP,  IMOGENE 

Group  5:  Brooklyns  --  BENNY  LONG,  BROOKLYNS, 
CEMETERY,  TWIN  CROSSING,  NORTH  MIN- 
ERAL BRIDGE 

Group  6:  Bullion  King  --  MULESHOE,  TELESCOPE, 
EAGLE 


Group 

Group 
Group 
Group 

Group 
Group 


Group 
Group 


7:  Silver    Mine -- PORCUPINE,    SILVER  LEDGE 
MILL,  ROCKWALL,  SILVER  LEDGE  MINE 

8:   FENCE,  SNOWFLAKE 

9:   BLUE  POINT,  WILLOW,  BARSTOW 

10:  Mountain  King--GOVERNOR    GULCH, 
GALENA   LION  GULCH 

11:   IRONTON  PARK 

12:  South  Entrance--EAST  GUADALUPE,  WEST 
GUADALUPE,  SLIPPERY  JIM,  EAST  RIVER- 
SIDE, WEST  RIVERSIDE 

13:  Uncompahgre  Gorge- -DUNSMORE,  MOTHER 
CLINE,  SILVER  POINT,  JACK  POT 

14:  Afforestations --LOWER  CEMENT  FILL, 
BARTON 


The  Cement  Fill,  Brooklyns,  Bullion  King,  and  South 
Entrance  groups  are  large,  very  bad  avalanches.  BLUE 
POINT  is  small,  but  troublesome.  The  Ironton  Park  and 
Mineral  Gorge  groups  have  large  avalanches  that  cross  the 
road  only  under  extreme  conditions. 

As  emphasized  several  places  in  this  report,  control 
measures  should  begin  with  avalanche  groups  where  the 
type  of  control  is  obvious.  The  Afforestations  group  can  be 
controlled  by  structures  in  the  starting  zone,  followed  by 
afforestation.  Avalanche  sheds  or  tunnels  are  needed  for  the 
South  Entrance  group.  SLIPPERY  JIM,  within  this  group, 
might  be  controlled  in  the  starting  zone  after  the  starting 
spots  are  located,  but  it  would  be  better  to  control  the  en- 
tire group  at  one  time  with  avalanche  sheds.  The  Blue 
Point,  Ironton  Park,  Silver  Mine,  and  Fence-Snowflake 
groups  can  be  controlled  easily  with  supporting  structures. 
The  last  three  groups  are  less  important  than  the  first. 

Control  will  be  difficult  for  the  Brooklyns,  Cement  Fill, 
and  Bullion  King  groups.  Supporting  structures  are  recom- 
mended for  the  Brooklyns  group,  and  avalanche  sheds  for 
the  other  two,  although  the  best  type  of  control  is  uncertain 
without  further  study. 


Control  is  not  pressing  for  the  other  groups  of  ava- 
lanches, but  when  control  measures  are  undertaken,  rec- 
ommendations are: 

Supporting  structures  in  the  starting  zone:  Boulder  Slopes, 

Uncompahgre  Gorge 
Avalanche  sheds:  Zuni 
Catchment  dams:  Mineral  Gorge 
Diversion  dams:  Mountain  King 
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Highway  No.    550  -- 
Red  Mountain  Pass 
No  photo 


WATER  GAGE    (R-1) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
west slope  of  Anvil  Mountain. 

CATCHMENT  BASIN: 

Trough  in  southwest  slope  of  Anvil  Mountain  below 
timberline;  11,300-10,400  feet  m.s.l.;  20  acres 
(8  ha). 

TRACK: 

Gully  with  steep  slopes  in  upper  part  and  moderate 
slopes  in  lower  part;  vertical  drop,  1,900  feet; 
length,  3,500  feet;  average  slope,  54  percent. 

RUNOUT  ZONE: 

Some  avalanches  may  stop  on  lower  part  of  track, 
which  has  a  length  of  2,000  feet  and  an  average 
slope  of  40  percent.   Big,  fast-moving  snow  masses 
will  reach  highway  and  flat  bed  of  Mineral  Creek. 

AVALANCHES : 

Not  much  trouble  on  highway  in  recent  years. 

CLASSIFICATION: 
Medium-erratic. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Structural  control  would  not  be  economical  for  two 
reasons:  big  snow  masses  are  unusual  because  of 
exposure  and  elevation;  and  rock  and  talus  are  not 
favorable  for  foundation  of  supporting  structures. 
Reforestation  probably  would  not  be  successful. 


Highway  No.    550  — 
Red  Mountain  Pass 
No  photo 


OLD  SOUTH  MINERAL  ROAD    (R-2) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
west slope  of  Anvil  Mountain. 

STARTING  ZONE: 

Southwest-facing  cliffs  and  very  steep  boulder 
field;  below  timberline;  10,700-10,300  feet  m.s.l.; 
5  acres  (2  ha)  . 

TRACK: 

Slightly  expressed  gully  in  scree  slope  running  down 
to  road.   Lower  part,  gentle;  vertical  drop,  1,200 
feet;  length,  1,800  feet;  average  slope,  67  percent. 

RUNOUT  ZONE: 

Some  avalanches  stop  in  lower  section  of  track 
which  is  1,000  feet  long,  with  50-percent  average 
slope.   Big,  fast-moving  snow  masses  reach  the 

highway. 

AVALANCHES : 

Little  trouble  on  highway  in  recent  years. 

CLASSIFICATION: 
Small-erratic. 


POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Since  occurrence  is  erratic  and  terrain  shows  some 
cliffs  and  is  unstable,  no  structural  control  can 
be  recommended.   The  dry  southerly  exposure  is  un- 
favorable for  reforestation. 


Highway  No.    550   — 
Red  Mountain  Pass 
Photo:  March  25,    1962 
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PIT   (R-3) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
west slope  of  Anvil  Mountain. 

STARTING  ZONE: 

Southwest-facing  cliffs  and  very  steep  boulder  field; 
below  timberline;  10,800-10,500  feet  m.s.l.;  5  acres 
(2  ha). 

TRACK: 

Slightly  expressed  gully  in  boulder  slope  running 
down  to  road.  Vertical  drop,  1,400  feet;  length, 
2,200  feet;  average  slope,  64  percent.   Lower  part 
has  average  slope  of  only  55  percent. 

RUNOUT  ZONE: 

Smaller  avalanches  may  stop  in  lower  section  of 
track;  larger  snow  masses  will  reach  highway. 

AVALANCHES : 

Runs  to  road  each  year;  brings  rocks  and  debris 
with  it. 

CLASSIFICATION: 
Small- frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Runout  zone  is  too  steep  for  effective  use  of  re- 
tarding or  catchment  structures,  although  such 
structures  might  bring  some  relief  from  rockfalls 
and  debris.   Supporting  structures  cannot  be  recom- 
mended without  further  study  because  of  the  cliffs 
and  the  unstable  ground.   A  small  earth  mound  has 
been  built  above  the  road  for  avalanche  control. 
This  splits  avalanches  into  two  parts,  but  is  not 
completely  effective. 


Highway  No.    550   — 
Red  Mountain  Pass 
Photo:  Maroh  25,    1962 


ZUNI   (R-4) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south 
slope  of  Anvil  Mountain. 

CATCHMENT  BASIN: 

Two  big  basins  in  south  slope  of  Anvil  Mountain; 
above  and  below  timberline;  12,200-11,400  feet 
in.s.l.;  60  acres  (25  ha). 

TRACK: 

Narrow  and  curved  rocky  gully  of  Zuni  Gulch  ;  verti- 
cal drop,  2,580  feet;  length,  6,000  feet;  average 
slope,  A3  percent.   Longitudinal  profile  of  track 
is  very  irregular. 

RUNOUT  ZONE: 

Alluvial  fan  of  Zuni  Gulch  and  flat  bed  of  Mineral 
Creek;  average  slope,  22  percent;  indefinite 
lateral  limits. 

AVALANCHES : 

Ran  big  in  1932  and  1952. 

CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Runs  very  seldom,  but  when  it  runs,  very  big  snow 
masses  with  much  debris  are  expected.  If  control 
is  desired,  the  only  possibility  would  be  an  ava- 
lanche shed. 


LOWER  CEMENT  FILL    (R-5) 


Highway  No.    550   — 
Red  Mountain  Pass 
Photo:  July  Z,    1962 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west  slope  of 

Anvil  Mountain. 
STARTING  ZONE: 

Indefinite;  west-facing  slope  with  scattered  timber;  below 

tlmberline;  11,400-10,800  feet  m.s.l.;  7  acres  (3  ha). 
TRACK: 

Depression  in  slope:  upper  part  is  steep;  lower  part,  moderate; 

vertical  drop,  1,200  feet;  length,  1,800  feet;  average  slope, 

67  percent.   Aspen  and  spruce  are  regenerating  naturally  in 

track. 
RUNOUT  ZONE: 

Lower  section  of  slope;  length,  800  feet:  average  slope,  A5 

percent. 
CLASSIFICATION: 

Small- frequent. 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Good  chance  for  control  with  supporting  structures  and 

afforestation. 

CEMENT  FILL   (R-6) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west  slope  of 
Anvil  Mountain. 

CATCHMENT  BASIN: 

Bowl-shaped  depression  on  west  slope  of  Anvil  Mountain;  above 
and  below  timberline;  12,400-10,600  feet  m.s.l.;  75  acres 
(30  ha);  catchment  basin  has  four  compartments. 

TPJ^CK : 

Bowl-shaped  depression  on  slope;  vertical  drop,  2,600  feet; 
length,  5,000  feet;  average  slope — upper  half,  58  percent, 
lower  half,  39  percent;  track  is  500  feet  wide  where  it  crosses 
highway. 

RUNOUT  ZONE: 

Mineral  River  gorge  below  the  highway. 

CLASSIFICATION: 
Large -occasional. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Catchment  basin  is  too  extended  to  be  controlled  economically 
with  supporting  structures.   No  possibilities  exist  for  diver- 
sion or  retarding  structures.   Avalanche  shed  with  guide  dams 
is  recommended. 


BATTLE  SHIP   (E-7) 


Highway  No.    550   — 
Red  Mountain  Pass 
Photo:  March  25,    1962 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  north- 
east slope  of  summit  spot  elevation,  12,442. 

CATCHMENT  BASIN: 

Three  basins  on  northeast  slope;  above  timberline; 
12,200-11,400  feet  m.s.l.;  45  acres  (18  ha). 

TRACK: 

Narrow  gully;  vertical  drop,  2,500  feet;  length, 
5,600  feet;  average  slope,  45  percent. 

RUNOUT  ZONE: 

Highway  runs  250  feet  above  Mineral  Creek  on  oppo- 
site mountain  slope.   Small,  wet  snow  avalanches 
stop  in  Mineral  Creek  ravine;  in  bad  conditions, 
dry  dust  avalanches  ascend  slope  and  reach  highway. 

CLASSIFICATION: 

Large-occasional;  seldom  reaches  highway. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

If  considered  necessary,  a  catchment  dam  could  be 
built  to  protect  highway  from  influence  of  avalanche 
blast. 

BARTON   (R-8)      (No  photo) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west 

slope  of  Anvil  Mountain. 
STARTING  SPOTS: 

Two  narrow,  steep  gullies  in  heavily  timbered  slope; 

11,400-10,800  feet  m.s.l.;  5  acres  (2  ha). 
TRACKS: 

Gullylike  openings  in  the  forest,  long  but  narrow; 

vertical  drop,  1,400  feet;  length,  2,900  feet; 

average  slope,  48  percent. 
RUNOUT  ZONE: 

Some  avalanches  stop  on  lower,  more  gentle  section 

of  track  above  highway.   Bigger  and  faster  moving 

snow  masses  cross  highway  and  shoot  down  into  gorge 

of  Mineral  Creek. 
CLASSIFICATION: 

Small-frequent . 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  with  afforestation  of  forest 

openings . 
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IMOGENE   (R-9) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  east 

slope  of  Imogene  Mountain;  spot  elevation,  12,692. 
CATCHMENT  BASIN: 

Trough  in  east  slope  of  Imogene  Mountain;  above 

timberline;  12,300-11,600  feet  m.s.l.;  15  acres 

(6  ha). 
TRACK: 

Narrow  gully;  vertical  drop,  1,900  feet;  length, 

3,800  feet;  average  slope,  50  percent. 
RUNOUT  ZONE: 

Alluvial  fan  of  gully  and  bottom  ^ands  of  Mineral 

Creek;  length,  1,100  feet;  average  slope,  25 

percent. 
AVALANCHES : 

No  records.   A  dry,  dust  avalanche  may  cross  Mineral 

Creek  and  reach  highway  on  opposite  bank. 
CLASSIFICATION: 

Medium-occasional . 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

If  control  is  considered  necessary,  a  catchment  dam 

could  be  built  to  protect  highway  from  influence  of 

avalanche  blast. 

BLACKBURN   (No  photo) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west 
slope  of  southwest  shoulder  of  Ohio  Peak;  between 
BARTON  (R-8)  and  IMOGENE  (R-9)  on  east  side  of  road; 
exact  location  not  determined  in  field  so  not  des- 
ignated on  topographic  map. 

STARTING  ZONE: 

Steep  scarp  above  highway;  scattered  timber;  about 
10,200  feet  m.s.l.;  2-1/2  acres  (1  ha). 

TRACK: 

No  confined  track;  avalanches  are  really  just 
bankslides. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  and  afforestation. 
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BROOKLYN S    (R-10) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west 
slope  on  the  northwest  shoulder  of  Ohio  Peak. 

STARTING  ZONE: 

In  cliffs  at  top  and  on  steep  talus  slopes  below, 
with  a  few  widely  scattered  trees  and  scattered 
clumps  of  timber;  below  timberline;  11,200-10,600 
feet  m.s.l.;  50  acres  (20  ha). 

TRACKS : 

Many  groovelike  depressions  in  slope;  vertical 
drop,  1,000  feet;  length,  1,600  feet;  average 
slope,  63  percent.   Individual  tracks  are  so  many 
and  so  close  together  that  whole  slope  avalanches 
for  a  distance  of  4,000  feet. 

RUNOUT  ZONE: 

Some  snow  may  stop  in  lower  section  of  tracks 
above  highway.   This  section  has  a  length  of  500 
feet  and  an  average  slope  of  48  percent.   Most 
snow,  however,  crosses  highway  and  runs  to  bed 
of  Mineral  Creek. 

CLASSIFICATION: 
Large-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Although  the  rugged  top  of  starting  zones  and 
scree  slopes  give  some  problems,  control  by  sup- 
porting structures  is  possible  for  a  considerable 
number  of  the  tracks. 
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CEMETERY   (R-11) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west 
slope  of  point  12,171. 

STARTING  ZONE: 

Steep,  uniform  slope;  below  timberline;  11,200- 
10,600  feet  m.s.l.;  5  acres  (2  ha). 

TRACK: 

Not  definite;  upper  half  of  track  is  steep  slope — 

vertical  drop,  800  feet;  length,  1,200  feet;  average 

slope,  67  percent;  lower  half  is  gentle  slope — 

vertical  drop,  160  feet;  length,  700  feet;  average 
slope,  23  percent. 

RUNOUT  ZONE: 

Small  avalanches  stop  in  lower  half  of  track. 
Larger  snow  masses  run  across  highway  to  Mineral 
Creek;  runout  zone  not  well  defined. 

CLASSIFICATION: 
Small-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Can  be  controlled  by  supporting  structures  or 
possibly  by  retarding  and  catching  structures. 


TWIN  CROSSING   (R-12) 


LOCATION: 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
west slope  of  point  12,171. 

CATCHMENT  BASIN: 

Bowl-shaped,  rugged  depression  in  southwest-facing 
slope;  below  timberline;  11,600-10,800  feet  m.s.l.; 
15  acres  (6  ha) . 

TRACK: 

A  gullylike  depression  in  slope;  upper  half — 
vertical  drop,  1,000  feet;  length,  1,700  feet; 


average  slope,  59  percent;  lower  half — vertical 
drop,  560  feet;  length,  1,600  feet;  average 
slope,  35  percent. 

RUNOUT  ZONE: 

Small  avalanches  stop  in  lower  half  of  track; 
large  avalanches  cross  highway  and  stop  in  Mineral 
Creek  flats.   Width  of  runout  zone,  indefinite. 

CLASSIFICATION: 
Medium-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  are  possible,  but  difficulties 
should  be  expected  because  of  ruggedness  of 
starting  zone. 


NORTH  MINERAL  BRIDGE   (R-13) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  west 
slope  of  point  12,171. 

STARTING  ZONE: 

Rugged,  irregular  slope  with  cliffs;  starting 
spots  are  not  confined.   Below  timberline;  11,600- 
10,800  feet  m.s.l.;  10  acres  (4  ha). 

TRACK: 

Not  confined;  upper  half — vertical  drop,  800  feet; 
length,  1,000  feet;  average  slope,  80  percent; 
lower  half—vertical  drop,  520  feet;  length,  1,200 
feet:  average  slope,  A3  percent. 

RUNOUT  ZONE: 

Small  avalanches  stop  in  lower  half  of  track;  larger 
ones  cross  the  highway  and  run  to  Mineral  Creek  flats' 


CLASSIFICATION: 
Medium-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  not  recommended  because  of 
rugged  starting  zone:  retarding  structures  might 
be  possible. 
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MULESHOE    (R-14) 


LOCATION: 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
east slope  of  Bullion  King  Mountain. 
CATCrotENT  BASIN: 

Bowl-shaped  depression  on  slope;  above  timberline; 

some  cliffs;  12,700-11,700  feet  m.s.l.;  20  acres 

(8  ha). 
TRACK: 

Very  steep  Rully;  vertical  drop,  2,100  feet;  length, 

3,100  feet;  avera,'^e  slope,  68  percent. 
RUNOUT  ZONE: 

Alluvial  fan  of  gully  and  valley  bottom  of  Mill 

Creek:  length,  800  feet;  average  slope,  25  percent. 

Runout  zone  is  indefinite. 
CLASSIFICATION: 

Medium-frequent . 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Diversion  dam. 


TELESCOPE   (R-15) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  south- 
east slope  of  Bullion  King  Mountain. 

CATClCfENT  BASIN: 

Uniform  slope  topped  with  a  cliff;  above  timberline; 
12,200-11,800  feet  m.s.l.;  5  acres  (2  ha). 

TPvACK: 

Gullylike  depression  in  slope;  vertical  drop,  1,420 
feet;  length,  2,200  feet;  average  slope,  65  percent. 
Lower  part  of  track  is  a  series  of  cliffs  formed 
from  bedrock. 

RUNOUT  ZONE: 

Alluvial  fan  of  gully;  length,  700  feet;  average 
slope,  40  percent.   Highway  cuts  fan  in  half. 

CLASSIFICATION: 
Small- frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  in  the  starting  zone  or  an 
avalanche  shed,  depending  upon  the  decision  made 
for  the  control  of  the  neighboring  EAGLE  avalanche. 


EAGLE    (R-16) 
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LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  southeast  slope 
of  Bullion  King  Mountain. 

CATCHMENT  BASIN: 

Bowl-shaped  depressions  on  slope;  above  timberline;  top  is 
very  steep  and  has  some  cliffs;  12,600-11,600  feet  m.s.l.;  25 
acres  (10  ha) . 

TRACK: 

Two  gullylike  depressions  that  join  in  lower  section  of  track. 
Main  track:  vertical  drop,  1,800  feet;  length,  2,700  feet; 
average  slope,  67  percent.   Secondary  track:  vertical  drop, 
1,400  feet;  length,  2,200  feet;  average  slope,  6A  percent. 

RUNOUT  ZONE: 

Alluvial  fan;  length,  1,300  feet;  average  slope,  34  percent. 
The  lateral  extent  of  runout  zone  is  indefinite,  but  is  at 
least  800  feet  wide.   Highway  crosses  this  fan  twice  (both 
limbs  of  the  switchback  cross  it). 

CLASSIFICATION: 
Medium- frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Extent  and  ruggedness  of  the  catchment  basin  are  unfavorable 
for  use  of  supporting  structures.   Because  the  runout  zone  is 
very  wide  and  crosses  the  highway  twice,  avalanche  sheds  would 
probably  be  no  more  economical  than  supporting  structures. 

PORCUPINE   (R-17) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  south;  southeast  slope 

of  Bullion  King  Mountain. 
CATCHMENT  BASIN: 

Slight  depression  below  prominent  cliff;  11,900-11,700  feet 

m.s.l.;  4  acres  (2  ha). 
TRACK: 

A  narrow  slot  through  scattered  timber;  vertical  drop,  1,320 

feet;  length,  1,900  feet;  average  slope,  69  percent. 
RUNOUT  ZONE: 

No  transition  above  road.   Natural  runout  zone  is  below  upper 

road. 
CLASSIFICATION: 

Small-frequent. 
POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

If  the  decision  is  made  to  control  the  Bullion  King  Mountain 

group  of  avalanches,  this  one  can  be  handled  with  an  avalanche 

shed. 
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BLUE  POINT   (E-18) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  east 
slope  of  Senator  Ridge. 

STARTING  SPOT: 

Hollow  in  scarp  just  above  highway  at  an  elevation 
of  11,000  feet  m.s.l.;  2-1/2  acres  (1  ha).   It  must 
be  considered  a  bankslide  rather  than  an  avalanche, 
because  the  track  has  a  length  of  only  about  200 
feet. 

AVALANCHES : 

Run  to  the  road  after  almost  eveiy  snowstorm. 

CLASSIFICATION: 
Small-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Snow  nets  are  re contended.   This  is  a  good  example 
of  where  supporting  structures  should  be  used. 


WILLOW  SWAMP   (R-19) 
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LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  broken  ground  east 
of  Senator  Ridge  just  above  the  upper  switchback  of  highway 
near  Idarado  Mine. 

STARTING  SPOTS: 

In  a  deep  hollow  in  slope;  it  might  be  head  of  an  earth  slip; 
below  timberline;  scattered  trees;  11,400-11,100  feet  m.s.l.; 
7  acres  (3  ha) . 

TRACK: 

Short  trough  above  highway;  vertical  drop,  600  feet;  length, 
1,200  feet;  average  slope,  50  percent. 

RUNOUT  ZONE: 

On  gentle  section  of  slope  where  two  switchbacks  of  highway  lie. 

AVALANCHES: 

Crosses  both  limbs  of  the  highway  switchback. 

CLASSIFICATION: 
Small-frequent. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  spots  with  supporting  structures  and  afforest- 
ation would  be  most  economical.   The  few  terraces  and  earth  mounds 
that  have  been  built  in  track  would  be  a  useful  part  of  a  larger, 
more  comprehensive  control  project  when  one  can  be  developed. 

KING   (R-20)      (No  photo) 

LOCATION: 

San  Juan  Mountains,  Red  Mountain  Pass  north;  southeast-facing 
slope  on  a  ridge  between  Spirit  Gulch  and  Governor  Gulch. 

STARTING  ZONE: 

Uniform  slope  below  timberline;  11,200-10,600  feet  m.s.l.;  10 
acres  (4  ha) . 

TRACK: 

Indefinite;  snow  follows  a  slight  depression  in  slope;  verti- 
cal drop,  500  feet;  length,  700  feet;  average  slope,  70  percent. 

RUNOUT  ZONE: 

Lower,  more  gentle  half  of  slope;  length,  800  feet;  average 
slope,  30  percent.   Runout  zone  is  indefinite,  approximately 
400  feet  wide. 

CLASSIFICATION: 

Medium-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  starting  zone  by  supporting  structures  and  afforest- 
ation; diversion  dam  could  also  be  used  to  reduce  number  of 
supporting  structures. 
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GOVERNOR  GULCH   (R-21) 


LOCATION: 

San  Juan  Mountains,  Red  Mountain  Pass  north. 

CATCHMENT  BASIN: 

Deep  and  well  pronounced  erosion  hollow;  11,800- 
11,000  feet  m.s.l.   Highest  part  is  just  a  little 
above  timberline;  very  steep  and  ruRged  surface; 
30  acres  (12  ha) . 

TRACK: 

Narrow,  curved  gully;  vertical  drop,  1,200  feet; 
length,  2,100  feet;  average  slopo,  57  percent. 

RUNOUT  ZONE: 

Alluvial  fan  of  Governor  Gulch;  length,  2,100  feet: 
average  slope,  21  percent. 

CLASSIFICATION: 
Medium-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  erosion  funnel  of  Governor  Gulch  gives  more 
trouble  with  floods  carrying  boulders  and  mud  to 
the  highway  than  with  avalanches,  which  occur  very 
seldom.   Structural  control  of  the  rugged  catch- 
ment basin  would  be  very  difficult  and  expensive. 
The  runout  zone  is  long  enough  to  plan  diversion 
or  retarding  structures  if  necessary. 
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GALENA  LION  GULCH   (R-22) 


LOCATION : 

San  Juan  Mountains. 


Red  Mountain  Pass  north. 


CATCHMENT  BASIN: 

Deep  and  well  pronounced  erosion  hollow;  highest 
point  just  a  little  above  timberline;  11,700- 
10,600  feet  m.s.l.;  32  acres  (13  ha). 

TRACK: 

Narrow  and  curved  gully;  vertical  drop,  1,100 
feet;  length,  2,100  feet;  average  slope,  52 
percent. 

RUNOUT  ZONE: 

Alluvial  fan  of  Galena  Lion  Gulch;  length,  2,300 
feet;  average  slope,  23  percent. 

CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Since  i.he  runout  zone  is  very  gentle  and  long,  ava- 
lanches seldom  reach  the  highway.   A  cut  in  the 
aspen  stand  shows  that  in  exceptional  situations 
it  does  happen,  however.   If  control  is  considered 
necessary,  the  terrain  features  are  favorable  for 
diversion  structures. 
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IRONTON  PARK   (R-23) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  south- 
east slope  of  Hayden  Mountain. 

STARTING  ZONE: 

Wide,  uniform  slope  below  Half  Moon  Basin;  below 
timberline ;  11,300-10,600  feet  m.s.l.;  60  acres 
(25  ha);  startlnp,  zone  is  indefinite. 

TRACK : 

The  entire  slope;  vertical  drop,  l,6^i0  feet; 
length,  2,S00  feet;  average  slope,  60  percent. 

RTOOUT  ZONE: 

Level  bottom  of  Ironton  Park;  large  avalanches  have 
traveled  over  the  flat  ground  to  the  highway — a 
distance  of  1,200  feet. 

AVALA.NCHES : 

Avalanches  of  1958  reached  the  road  and  crossed  it. 

CLASSIFICATION; 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  even  slope,  lying  below  tim.berline,  would  be 
favorable  for  supporting  structures  and  afforest- 
ation.  Because  of  the  extent  of  the  starting  zone 
and  the  erratic  behavior  of  the  avalanche,  however, 
such  a  control  would  not  be  economical.   Another 
good  possibility  is  a  catchment  dam  in  the  flats 
of  Ironton  Park. 
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WEST  GUADALUPE    (R-24) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  east 
slope  of  Hayden  Mountain. 

CATCHMENT  BASIN: 

Wide,  rugged,  bowl-shaped  depression  on  the  slope 
with  cliffs;  above  timberline;  12,800-11,000  feet 
m.s.l.;  60  acres  (25  ha). 

TRACK: 

Few  expressed  depressions  on  the  bedrock,  cliffs, 
and  terraces;  vertical  dx^p,  3,200  feet;  length, 
5,600  feet;  average  slope,  57  percent.   A  cliff 
400  feet  high  immediately  above  highway;  ava- 
lanches hit  road  with  full  speed. 

RUNOUT  ZONE: 

Flat,  alluvial  bottom  of  Red  Mountain  Creek. 


CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

The  only  possible  control  is  an  avalanche  shed, 
which  would  serve  at  the  same  time  as  protection 
against  the  EAST  GUADALUPE  avalanche. 
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LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  west 
slope  of  Abram's  Mountain;  Hendrlck  Gulch. 

CATCHMENT  BASIN: 

Wide,  steep,  and  rugged  bowl-shaped  depression  on 
the  slope;  above  tlmberllne;  12,600-10,800  feet 
m.s.l.;  150  acres  (60  ha). 

TRACK: 

Narrow  ravine  of  Hendrlck  Gulch;  vertical  drop, 
2,680  feet;  length,  5,100  fee*-;  average  slope,  53 
percent. 

RUNOUT  ZONE: 

Wide  alluvial  fan  of  Hendrlck  Gulch;  length,  1,600 
feet;  average  slope,  20  percent;  width  of  fan  near 
highway,  1,000  feet. 

AVALANCHES : 

Run  some  place  In  the  upper  basin  every  year,  but 
cross  the  road  only  when  a  large  avalanche  breaks 
loose. 

CLASSIFICATION: 
Large-erratic. 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  are  out  of  the  question 
because  of  extent  and  ruggedness  of  starting  zone. 
Runout  zone  is  favorable  for  a  diversion  dam.   If 
protection  is  desired  against  both  EAST  GUADALUPE 
and  ireST  GUADALUPE  avalanches,  an  avalanche  shed 
would  be  the  most  economical  solution. 


Highway  No.    550   — 
Red  Mountain  Pass 
Photo:  March  24,    1962 


SLIPPERY  JIM   (R-26) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  west 
slope  of  Abram's  Mountain. 

STARTING  ZONE: 

Indefinite,  irregular,  rocky  slope  with  many  ter- 
races and  little  cliffs;  light  stands  of  aspen  and 
spruce;  11,600-10,000  feet  m.s.l.;  37  acres  (15  ha). 

TRACK: 

Very  wide;  indefinite;  whole  width  of  the  slope 
can  run;  longitudinal  profile  is  irregular;  flat 
sections  alternate  with  little  cliffs;  vertical 
drop,  2,000  feet;  length,  2,800  feet;  average 
slope,  70  percent. 

RUNOUT  ZONE: 

There  is  only  a  short  transition  zone  above  the 
highway  with  a  length  of  200  feet;  average  slope, 
40  percent.   The  avalanche  crosses  the  upper  por- 
tion of  the  switchback  of  the  highway  in  two  places. 

AVALANCHES : 

Very  bad,  from  the  standpoint  of  the  highway.   It 
has  run  to  the  road  at  least  5  times  in  the  past 
10  years. 

CLASSIFICATION: 
Large-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Control  of  the  starting  zone  is  possible.   However, 
considering  neighboring  avalanches  (EAST  and  WEST 
RIVERSIDE)  the  simplest  solution  would  be  a  tunnel. 
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WEST  RIVERSIDE   (R-27) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  east 
slope  of  Hayden  Mountain. 

CATCHMENT  BASIN: 

A  large,  irregular  and  rocky  basin  with  very  steep 
spots;  above  timberline;  11,800-10,200  feet  m.s.l.; 
150  acres  (60  ha). 

TRACK: 

Narrow,  steep,  and  curved  gully;  vertical  drop, 
2,480  feet;  length,  4,700  fee";  average  slope,  53 
percent. 

RUNOUT  ZONE: 

Track  ends  in  bottom  of  Red  Mountain  Creek  gorge 
without  a  transition  zone.   Highway  lies  50  feet 
up  on  opposite  slope.   Dust  avalanches  that  hit 
the  bottom  with  full  speed  will  climb  up  the 
opposite  slope  and  reach  the  highway.   This  is 
especially  true  for  the  avalanche  blast. 

AVALANCHES : 

The  EAST  RIVERSIDE  and  WEST  RIVERSIDE  avalanches 
hit  the  highway  from  opposite  sides.   It  is  not 
uncommon  for  both  slides  to  run  at  the  same  time. 
WEST  RIVERSIDE  has  run  to  the  road  at  least  7  times 
in  the  past  10  years. 

CLASSIFICATION: 
Large-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Heavy  avalanche  shed  or  tunnel  to  protect  the 
highway  from  both  WEST  and  EAST  RIVERSIDE. 
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EAST  RIVERSIDE   (R-28) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  north- 
west slope  of  Abram' s  Mountain. 

CATCHMENT  BASIN: 

Bowl-shaped  depression  in  the  slope;  above  timber- 
line;  12,600-10,800  feet  m.s.l.;  75  acres  (30  ha). 

TRACK: 

Steep,  rocky  gully  of  Curran  Gulch;  vertical 
drop,  3,200  feet;  length,  5,100  feet;  average 
slope,  63  percent;  avalanches  hit  highway  directly. 

RUNOUT  ZONE: 

Bottom  of  Uncompahgre  Gorge  below  the  road. 

AVALANCHES : 

A  very  bad  avalanche  that  has  run  over  the  road 
at  least  25  times  in  the  past  10  years. 

CLASSIFICATION: 
Large-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 
Tunnel  or  a  heavy  avalanche  shed. 
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DUNStWRE   (R-29)      (No  photo) 

LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  on  oppo- 
site slope  of  Silver  Gulch  in  Uncompahgre  Gorge. 

STARTING  SPOTS: 

Indefinite;  in  the  cliffs  (bedrock)  with  scattered 
trees;  elevation  about  9,A00  feet  m.s.l.;  approx. 
2  acres  (1  ha) . 

TRACK: 

Indefinite;  slides  fall  down  off  the  cliffs. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Starting  spots  must  be  examined  in  more  detail  be- 
fore any  suggestions  can  be  made.   Since  the  start- 
ing zone  is  very  rugged  an  avalanche  shed  seems 
the  most  logical  structural  defense. 
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MOTHER  CLINE   (R-20) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north;  in 
Uncompahgre  Gorge,  one-third  mile  above  the  junc- 
tion of  Red  Mountain  Creek  and  Uncompahgre  River. 

STARTING  ZONE: 

Just  a  little  above  highway  on  bare,  rock  slabs. 
Sparsely  timbered;  9,800-9,000  feetm.s.l.;  10 
acres  (A  ha) . 

TRACK: 

Indefinite;  vertical  drop,  ''00  feet;  length,  800 
feet;  average  slope,  50  percent. 

RUNOUT  ZONE: 

Slide  crosses  highway,  and  runs  down  Into  Red 
Mountain  Creek  Gorge. 

AVALANCHES : 

Has  run  over  the  road  at  least  21  times  In  past  10 
years.  Often  runs  In  spring  when  melt  water  forms 
Ice  over  rocks. 

CLASSIFICATION: 
Medium-frequent . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  In  starting  zone  are  possi- 
ble.  Good  rock  would  permit  snow  nets.  Another 
possibility  is  an  avalanche  shed. 


Highway  No.    550  — 
Red  Mountain  Pass 
No  photo 


SILVER  POINT   (R-31) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north; 
Uncompahgre  Gorge  between  Uncompahgre  River  Tunnel 
and  Bear  Creek  Falls. 

STARTING  ZONE: 

West-facing  rock  walls  of  Uncompahgre  Gorge;  10,200- 
9,400  feet  m.s.l.;  5  acres  (2  ha). 

TRACK: 

Very  steep  couloir  in  the  rock  wall.   Avalanches 
strike  highway  directly;  vertical  drop,  1,500  feet; 
length,  1,6,00  feet;  average  slope,  94  percent. 

RUNOUT  ZONE: 

None;  snow  masses  do  not  run,  but  literally  fall 
off  the  rock  walls. 

CLASSIFICATION: 
Small-occasional. 


POSSIBILITIES  FOR  STRUCTUFJ^iL  CONTROL: 

Starting  spots  cannot  be  controlled  economically; 
best  control  is  an  avalanche  and  rock  fall  shed. 
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JACKPOT   (R-32) 


LOCATION : 

San  Juan  Mountains,  Red  Mountain  Pass  north, 
between  Bear  Creek  Trail  Tunnel  and  Ouray. 

STARTING  SPOTS: 

At  foot  of  high  rock  wall  at  an  elevation  of  9,000 
feet  m.s.l.  in  an  opening  in  the  timber;  2  acres 
(1  ha). 

TRACK: 

Small  slot  in  the  timber  running  down  to  strike  the 
highway  directly;  vertical  drop,  600  feet;  length, 
900  feet;  average  slope,  67  percent. 

RUNOUT  ZONE: 

Bottom  of  Uncompahgre  Gorge. 

CLASSIFICATION: 
Small-occasional . 

POSSIBILITIES  FOR  STRUCTURAL  CONTROL: 

Supporting  structures  in  the  starting  spots,  with 
afforestation. 
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Volume  Tables   and   Point-Sampling   Factors   for 


Ponderosa    Pine   in   the   Black  Hills 


By 
Clifford  A.  Myers 


INTRODUCTION 

The  tables  presented  here  give  values 
needed  to  determine  the  volumes  of  ponderosa 
pine  (Pinus  ponderosa  Laws.)  in  the  Black 
Hills  of  South  Dakota  and  Wyoming.  They  pro- 
vide timber  cruisers  and  growth  estimators 
with  the  following: 

1.  Gross  volumes  in  total  and  merchantable 
cubic  feet. 

2.  Gross  volumes  in  board  feet,  International 
1/4-inch  and  Scribner  log  rules. 

3.  Point- sampling   factors  for  merchantable 
cubic  feet  and  board  feet. 

4.  Distribution    of   board  foot  volume  among 
the  logs  of  a  tree. 

Volume  on  an  area  may  be  determined  from: 
(1)  measurements  of  tree  diameters  and 
heights,  (2)  measurements  of  diameters  and 
of  sufficient  heights  to  convert  the  appropri- 
ate volume  tables  to  local  volume  tables 
(Chapman  and  Meyer,  1949),  or  (3)  tree  counts 
obtained  by  point- sampling. 

Sample  trees  were  measured  in  all  areas 
of  commercial  ponderosa  pine  in  the  Black 
Hills  of  South  Dakota  and  Wyoming  and  the 
Bear  Lodge  Mountains  of  Wyoming. 


DEFINITIONS  AND  STANDARDS 

Variables  used  in  the  tables,  and  stand- 
ards followed  in  field  measurement  and  com- 
putations, are  defined  as  follows: 


Diameter  breast  high  (d.b.h.). --Measured  to 
0.1  inch  outside  bark  4.5  feet  above  ground 
level.^  Full-inch  diameter  classes,  with  class 
midpoints  at  the  half-inch  marks,  were  used 
in  the  tables  (12.5,  13.5,  etc.). 

Scaling  diameter  of  logs. --Average  diameter 
inside  bark  to  0.1  inch,  measured  at  the  upper 
(small)  end  of  logs  or  half-logs.  Saw-log  di- 
ameter classes  followed  conventional  scaling 
practice,  with  the  class  midpoints  at  whole 
inches  (8.0,  9.0,  etc.). 

Minimum  top  diameter  of  sawtimber  trees.- - 
Diameter  inside  bark  8  inches,  which  con- 
forms to  usual  practice  in  the  Black  Hills. 
Logs  with  a  scaling  diameter  less  than  7.6 
inches  (8-inch  class)  usually  were  not  includ- 
ed in  saw-log  volume.  A  few  logs  with  a  scal- 
ing diameter  of  7  inches  were  included  to 
satisfy  requirements  of  the  4-foot  rule  de- 
scribed with  the  definition  of  height  in  logs, 
below.   This  also  conforms  to  local  practice. 

Total  height. --Measured  to  the  nearest  foot 
from  ground  level  at  the  tree  base  upward  to 
the  tip.  Forked,  stag-topped,  or  other  de- 
formed trees  were  not  included  in  the  sample. 
Midpoints  of  the  total  height  classes  used  in 
the  tables  were  multiples  of  10.0  feet,  as  10.0, 
20.0,  etc. 

"^  Half  the  heights  were  measured  from  aver- 
age ground  level  and  half  from  the  uphill  side 
of  the  tree.  Variations  in  positions  of  d.b.h. 
and  sealing  diameters  were  too  small  to  make 
significant  differences  in  volumes. 


1    - 


Height  in  logs. --Measured  from  the  top  of  a 
stump  1.0  foot  high  upward  to  the  limit  of  saw 
log  utilization.  Each  tree  was  divided  into  as 
many  standard  16.3-foot-long  logs  as  possible. 
An  additional  half-log,  if  present,  was  taken 
from  the  uppermost  part  of  the  merchantable 
length.  Portions  of  the  bole  above  the  height 
of  minimum  top  saw-log  diameter  were  in- 
cluded in  the  uppermost  saw  log  if  the  stand- 
ard length  of  the  log  or  half- log  ended  within 
4.0  feet  above  this  height.  This  "4-foot  rule" 
was  used  to  avoid  biased  negative  error  in 
volume  (Chapman  and  Meyer,  1949). 


EXPLANATION  OF  TABLES 

The  general  definitions  and  standards  given 
apply  to  all  tables.  Explanation  of  each  type  of 
table  and  suggestions  for  use  are  presented 
here. 


Volume  Tables 

Headings  and  footnotes  with  each  volume 
table  (tables  1,  2,  4,  6,  8,  10)  give  the  volume 
unit,  type  of  height  measurement,  utilization 
standards,  and  volume  equations  used  in  its 
compilation.  Ten-foot  or  half-log  height  class- 
es and  full-inch  diameter  classes  were  used 
in  all  tables. 

The  volume  tables  were  derived  from  lin- 
ear regressions  in  V  and  D^H,  of  the  form: 
V=  a  +b  D^H, 
where: 

V  =  gross  volume  in  the  appropriate  unit 
D  =  diameter  breast  high  outside  bark 
H  =  total  height  in  feet  or  in  standard  logs  and 

half- logs 
a,b  =  regression  constants 


Two  equations  were  used  to  derive  each 
table;  the  relationship  between  V  and  D^H 
could  not  be  expressed  by  a  single  linear  re- 
gression over  the  full  range  of  the  basic  data. 
Correlation  coefficients  (r)  of  the  12  volume 
equations  ranged  from  0.891  (board  feet  with 
total  height,  small  trees)  to  0.993  (total  cubic 
feet). 

The  number  of  logs  in  a  tree  shown  in  the 
tables  is  not  necessarily  the  number  that  will 


actually  be  cut  from  it.  Instead,  it  is  the  num- 
ber of  logs  between  the  stump  and  the  height 
where  minimum  top  diameter  is  reached.  To 
locate  the  minimum  top,  the  4-foot  rule  ex- 
plained under  the  heading  "height  in  logs" 
should  be  used. 

Volume  of  nonmerchantable  logs  below  the 
height  of  minimum  top  diameter  should  be  de- 
ducted by  estimation  of  scaling  diameters,  use 
of  taper  tables,  or  according  to  the  percent- 
ages in  table  13.  Volume  must  not  be  reduced 
by  tallying  fewer  logs  in  the  tree.  For  exam- 
ple, assume  that  a  sound  tree  18  inches  in 
diameter  has  a  bole  length  of  65.2  feet  (4 
logs)  between  the  stump  and  the  height  where 
diameter  inside  bark  is  8  inches.  The  tree  has 
a  gross  volume  of  372  board  feet  Scribner 
Rule  (table  6).  The  top  log  is  toolimby  to  send 
to  the  sawmill.  This  log  contains  9  percent  of 
the  board  feet  in  the  tree  (table  13)  and  the 
other  logs  contain  91  percent.  When  9  percent 
or  33  board  feet  is  deducted,  the  tree  con- 
tains 339  board  feet.  If  the  tree  were  tallied 
as  an  18-inch,  3-log  tree,  it  would  be  incor- 
rectly credited  with  a  volume  of  273  board 
feet. 


Point-Sampling  Factors 

The  first  five  tables  of  point- sampling  fac- 
tors (tables  3,  5,  7,  9,  11)  give  the  factors  for 
each  of  numerous  combinations  of  tree  di- 
ameter and  height.  Volumes  per  square  foot 
of  basal  area  were  obtained  from  the  equa- 
tions in  the  table  footnotes.  These  equations 
resulted  from  the  division  of  each  volume 
equation  (tables  2,  4,  6,  8,  10)  by  0.005454  D^, 
a  formula  for  basal  area  (B). 

Table  12  was  derived  from  the  other  tables 
of  point-sampling  factors.  The  factor  for  each 
height  class  is  the  weighted  average  of  the 
factors  in  that  class  given  in  table  2,  4,  6,  8, 
or  10.  Weights  were  obtained  from  random 
samples  of  heights  and  diameters  in  all  areas 
of  commercial  ponderosa  pine  in  the  Black 
Hills. 

Point- sample  cruising  for  volume  can  be 
done  in  several  ways:  (1)  Diameters  and 
heights  of  trees  counted  through  the  prism  or 
relascope    may   be    measured,    (2)  diameters 


may  be  estimated  and  heights  measured,  or 
(3)  heights  of  the  counted  trees  may  be  meas- 
ured and  no  record  made  of  tree  diameters. 
The  procedure  selected  will  depend  on  the 
accuracy  desired  (relative  accuracy  usually 
in  the  order  listed  above)  and  the  time  and 
personnel  available  for  the  job.  Point- samp- 
ling factors  are  provided  for  each  alternative. 

The  diameter  and  height  of  each  counted 
tree  may  be  measured  and  a  volume  conver- 
sion factor  selected  for  each  combination  of 
diameter  and  height  (tables  3,  5,  7,  9,  11). 
Volume  per  acre  is  computed  as  follows: 

1.  Multiply  the  number  of  counted  trees  in 
each  diameter-height  class  by  the  point- 
sampling  factor  for  the  class. 

2.  Total  the  products  of  step  one. 

3.  Multiply  this  total  by  the  basal  area  factor 
of  the  prismi  or  other  angle  gauge  used. 

4.  Divide  the  product  of  step  three  by  the 
number  of  points  sampled  on  the  tract. 

Time  can  often  be  saved  if  the  heights  of 
the  counted  trees  are  measured  while  diam- 
eters are  estimated  and  tallied  by  broad  di- 
ameter classes.  Inspection  of  the  tables  shows 
that  volumes  per  square  foot  of  basal  area 
often  do  not  differ  greatly  among  trees  of  a 
single  height  class.  For  example  the  mer- 
chantable volumes  of  trees  70  feet  tall  vary 
from  26.1  to  30.3  cubic  feet  per  square  foot 
as  diameter  increases  from  7  to  27  inches 
(table  3).  Board  feet  per  square  foot  of  basal 
area  changes  little  with  diameter  when  tree 
heights  are  measured  in  logs  (tables  7,  11). 
Therefore,  the  increased  time  spent  measur- 
ing diameters  may  not  materially  increase 
accuracy. 

Measurement  of  heights  with  no  record 
made  of  diameters  is  recommended  when 
there  is  little  change  in  volumes  per  square 
foot  within  a  height  class.  Point- sampling 
factors  in  table  12,  based  on  height  only,  will 
be  most  useful  where  the  distributions  of 
diameters  within  height  classes  approximate 
those  used  in  preparation  of  the  tables.  Dif- 
ferences in  the  relationship  between  height 
and  diameter  due  to  differences  in  site  quality 
or  stand  density  may  change  the  factor  for 
each  height  class.  These  changes  may  be  ac- 
counted for  by  computing  new  factors  for  each 


height  class,  using  tables  3,  5,  7,  9,  or  11  and 
almost  the  same  procedure  used  to  derive  a 
local  volume  table  from  a  standard  table 
(Chapman  and  Meyer,  1949).  Diameters  are 
plotted  over  heights,  since  height  will  be  re- 
tained as  the  measured  variable. 

The  techniques  of  point  sampling  have  been 
described  in  numerous  publications.  A  good 
discussion  of  the  method  was  presented  by 
Bonnett  (1959).  Allen  and  Mogren  (1960)  de- 
scribed a  simple  procedure  for  determining 
the  number  of  sampling  points,  and  Afanasiev 
(1958)  listed  precautions  on  the  use  of  point- 
sampling  on  small  tracts.  Basic  American 
references  were  prepared  by  Grosenbaugh 
(1952,  1955,  1958). 


Percentage  of  Tree  Board- Foot  Volume 
in  Each  Log 

The  board-foot  volume  in  each  log- quality 
class  or  the  volume  in  cull  logs  can  be  deter- 
mined with  the  percentages  from  table  13. 
Each  line  in  the  body  of  the  table  gives  the 
distribution  of  volume  among  the  logs  of  a 
tree  of  specified  diameter  and  merchantable 
length.  For  example,  in  18-inch,  3-log  trees, 
the  butt  log  contains  53  percent  of  the  board 
feet,  the  middle  log  contains  34  percent,  and 
the  top  log  13  percent. 

Percentages  for  diameters  that  are  not 
included  in  table  13  can  be  obtained  by  inter- 
polation. 
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Table  12. --Gross  tree  volumes  per  square  foot  of  basal  area  by  tree  height  classes  only, 

Black  Hills  ponderosa  pine 


Tree 

Tree 

height 

Merchantable 

Board  feet 

Board  feet 

height  : 

Board  feet 

Board  feet 

(feet) 

cubic  feet 

Scribner 

International 

(logs)  : 

Scribner 

International 

20 

2.4 

1.0 

51 

61 

30 

7.9 

1.5 

75 

89 

40 

13.4 

49 

56 

2.0 

99 

117 

50 

18.9 

73 

86 

2.5 

123 

145 

60 

23.9 

103 

122 

3.0 

147 

174 

70 

28.8 

136 

160 

3.5 

173 

202 

80 

33.7 

175 

203 

4.0 

202 

231 

90 

38.6 

222 

247 

4.5 

238 

261 

100 

43.2 

262 

286 

5.0 

269 

290 

110 

47.7 

298 

322 

5.5 

298 

319 

120 

333 

356 

6.0 

328 

349 

Table  13. --Percentage  of  total  board  foot  volume  in  each  log  of  a  tree. 

Black  Hills  ponderosa  pine 


D.b 


h.  (inches) 
and 
tree  height 
(logs) 


Position  of  log  in  the  tree 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


inches 

_d_ 

_b_ 

,h.: 

Trees  12 

1.0 

100 

1.5 

75 

25 

2.0 

62 

— 

38 

2.5 

49 

— 

37 

14 

3.0 

42 

— 

35 

-- 

23 

3.5 

37 

-- 

33 

-- 

21 

9 

Trees  18 

inches 

_d_ 

■±. 

,h.: 

2.0 

70 

__ 

30 

2.5 

62 

-- 

30 

8 

3.0 

53 

-« 

34 

-- 

13 

3.5 

45 

— 

32 

-- 

18 

5 

4.0 

41 

— 

30 

-- 

20 

-- 

9 

4.5 

37 

-- 

27 

-- 

22 

-- 

10 

4 

5.0 

34 

— 

23 

-- 

22 

-- 

15 

- 

Trees  24 

inches 

_d_ 

.b_ 

.h.: 

3.0 

60 

._ 

30 

__ 

10 

3.5 

50 

-- 

31 

-- 

16 

3 

4.0 

42 

-- 

31 

-- 

21 

-- 

6 

4.5 

38 

— 

30 

-- 

20 

-- 

10 

2 

5.0 

34 

__ 

27 

__ 

21 

-- 

14 

-. 
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Soil-Moisture   Fluctuations    under  Two  Ponderoso   Pine  Stands 

in   Northern   Arizona 


by 


Waldo  S.  Clock,  Edward  M.  Gaines, 
and  Sharlene  R.  Agerter 


INTRODUCTION 

Soil  moisture,  or  the  lack  of  it,  is  of  great 
significance  in  the  complex  of  factors  that 
influence  tree  growth.  A  knowledge  of  soil- 
moisture  fluctuations  can  lead  to  a  better 
understanding  of  tree  growth,  of  seedling  es- 
tablishment, and  of  effective  rainfall.  Soil 
moisture  is  one  important  step  closer  to  the 
physiological  regime  within  the  plant  than  is 
the  rain  that  falls  upon  the  soil  sui'face. 

The  purpose  of  the  work  here  described 
was  to  trace  the  course  of  soil-moisture  fluc- 
tuations for  a  minimum  interval  of  3  years  at 
two  dissimilar  stations  within  the  ponderosa 
pine  forest  of  north- central  Arizona. 

This  report  records  the  soil- moisture  data 
and  suggests  possible  interpretations,  includ- 
ing influences  on  tree  growth. 


LITERATURE 

A  comprehensive  survey  of  the  literature 
that  would  touch  upon  soil  moisture  in  all  its 
phases  is  impractical  in  the  present  report. 
Although  Kittredge  (1948)^  presents  a  com- 
prehensive review  of  the  complex  relation- 
ships involved,  the  work  of  several  other  men 
should  be  mentioned  also. 

In  1931,  Pearson  (pp.  63-72)  published  soil- 
moisture  records  taken  at  different  depths 
in    various  forest  types  adjacent    to   the    San 


Names     and     dates     in  parentheses   refer  to 
Selected  Bibliography ,   p.    25, 


Francisco  Peaks  in  northern  Arizona.  Soil- 
moisture  determinations  during  the  warm 
seasons  of  1918,  1919,  and  1920  were  made  at 
intervals  of  2  weeks  to  a  month.  Pearson  rea- 
soned that  soil-moisture  profiles  for  the  3 
years  were  not  typical  because  of  unusual 
weather  conditions.  The  shallowness  of  root 
systems  emphasized  by  Pearson  is  of  great 
importance  in  both  phases  of  the  study- -soil 
moisture  and  tree  growth. 

Colman  (1944),  Colman  and  Bodman  (1944), 
and  Schiff  and  Dreibelbis  (1949)  emphasized 
the  speed  of  infiltration  and  percolation. 
Byram  and  Doolittle  (1950),  Fielding  and 
Millett  (1941),  and  MacDougal(1921)  point  out 
that  trees  respond  to  an  increase  in  soil 
moisture  directly  and  almost  immediately. 
According  to  Byram  and  Doolittle,  the  time 
required  by  a  shortleaf  pine  to  recover  from 
a  lack  of  water  seemed  "to  be  determined 
only  by  the  time  required  for  the  water  to 
reach  the  roots." 

The  resumption  of  growth  after  soil- 
moisture  replenishment,  reported  by  several 
workers,  illustrates  the  close  relationship 
between  soil  moisture  and  tree  growth  when 
temperature  does  not  preclude  growth.  In 
Australia,  bursts  of  growth  followed  soaking 
rains  in  summer  and  autumn  (Fielding  and 
Millett  1941).  Herman  (1956)  reported  similar 
observations  on  Arizona  junipers.  In  South 
Carolina,  during  the  1951  drought,  the  upper 
66-inch  layer  of  soil  was  at  its  wilting  point 
most  of  August;  trees  did  not  grow  until  the 
September  rains  brought  on  a  vigorous  re- 
sponse (Hoover  et  al.  1953).  In  California,  a 
pine  that  had  ceased  growing  in  midsummer 
resumed  growth  after  it  was  irrigated 
(MacDougal  1923). 


-  I  - 


DESCRIPTION  OF  LOCALITIES 

Two  sites,  15  miles  apart,  were  chosen  for 
the  installation  of  soil-moisture  stations,  one 
well  within  the  zone  of  ponderosa  pine  forest 
(Fort  Valley  Station,  fig,  1);  the  other  near  its 
lower  border  (Walnut  Canyon  Station,  fig.  2). 
Both  stations  were  located  within  200  yards 
of  cooperative  weather  stations  where  daily 
readings  were  taken. 

Both  stations  were  located  under  crowns  of 
mature  pines  which  would  intercept  some  rain 
or  snow.  Both  had  substantial  litter  layers 
which  would  retain  water  equivalent  about 
1-1/2  times  their  dry  weight  (Kittredge  1948, 
p.  194).  Hence  light  rains  would  not  affect  soil 
moisture,  particularly  during  dry  seasons. 
Herbaceous  cover  at  both  stations  was  sparse. 

The  forest  interior  station  (Fort  Valley) 
was  located  in  a  virgin  stand  of  mature  pon- 
derosa pine  on  a  mesalike  surface  underlain 
by  basaltic  lava  of  the  San  Francisco  volcanic 
field.  The  site,  just  west  of  the  Fort  Valley 
Experimental  Forest  headquarters  at  7,350 
feet  elevation,  is  near  the  southwest  base  of 
the  San  Francisco  Peaks  which  are  some  6 
miles  distant.  No  surface  drainage  to  or  away 
from  the  station  was  apparent;  subsurface 
drainage  (percolation)  appeared  to  be  vertical. 


The  lower  forest-border  station  (Walnut 
Canyon)  was  in  a  mixed  stand  of  mature  pon- 
derosa pine  with  a  very  scattered  understory 
of  pinyon,  juniper,  and  oak  brush,  on  a  nearly 
flat  surface  underlain  by  arenaceous  lime- 
stone (Kaibab).  The  study  plot  was  near  the 
north  boundary  of  Walnut  Canyon  National 
Monument,  at  6,750  feet  elevation  on  the 
Coconino  Plateau,  14  miles  southeast  of  San 
Francisco  Peaks.  Drainage  to  or  from  the 
station  was  slight  or  nonexistent;  percolation 
appeared  to  be  vertical. 

The  soils  recorded  at  the  time  the  stations 
were  installed  differed  as  shown  in  the  follow- 
ing descriptions: 


FORT  VALLEY:   4  inches  of  litter  and  humus 
above  mineral  soil. 


Soil  depth 
(Inches) 
0-18     Fine  textured 
18-34     Fine  textured,  with  numerous  small 

rocks 
34-46     Cinders 

46-60     Fine  textured,  with  small  rocks 
60-84     Fine  textured 
84-96     Soil  with  cinders 


Figure  1. — 

The  soil-moisture  sta- 
tion at  Fort  Valley t 
located  in  the  forest 
interior.  The  three 
trees  plus  the  stile 
form  the  comers  of  the 
plot. 


WALNUT  CANYON:  2  inches  of  litter  and  hu- 
mus above  mineral  soil. 

Soil  depth 

(Inches) 
0-15     Fine  textured,  roots  numerous  be- 
low 4  inches 

Fine    textured,    with    a    few    small 
rock  fragments 
Fine  textured,  with  rocks 
Soil  with  abundant  roots 
Firm,    fine  textured  soil,  difficult 
to  penetrate 


15-22 

22-34 
34-36 
36-42 


The  two  layers  --22  to  34  inches  and  36  to 
42  inches -- appeared  to  be  decomposed  rock 
rather  weakly  cemented.  Material  was  reduced 
to  powder  when  brought  up  by  auger. 

On  the  whole,  the  two  stations  differed  in 
(1)  relation  to  the  ponderosa  pine  zone,  (2) 
elevation,  (3)  proximity  to  the  San  Francisco 
Peaks,  (4)  underlying  bedrock,  (5)  depth  of 
soil,  and  (6)  nature  and  amount  of  precipita- 
tion. 


10-11,  1955.  At  the  Fort  Valley  station,  aver- 
tical  hole,  96  inches  deep,  was  bored  with  a 
6-inch  hand  post-hole  auger.  At  Walnut  Can- 
yon, a  similar  hole  was  bored,  but  stopped  at 
42  inches  after  boring  6  inches  in  a  half- 
cemented  "hardpan"  layer.  In  each  case,  the 
soil  was  separated  so  that  each  layer  could  be 
replaced  in  its  original  position. 

A  soil-moisture  block  was  placed  on  the 
bottom  in  each  hole  and  the  soil  replaced  and 
packed,  to  approximately  original  density, 
around  and  over  the  block  until  the  level  for 
the  next  higher  block  was  reached.  This  pro- 
cedure was  repeated  until  all  blocks  were 
placed  and  the  hole  filled. 

The  wires  leading  from  the  blocks  were 
kept  apart  and  spiraled  around  the  hole  as  it 
was  filled.  At  the  top  of  the  hole,  the  wires 
were  led  to  the  side  and  dipped  about  2  inches 
before  they  emerged  from  the  soil.  These 
precautions  minimized  the  chance  that  water 
could  collect  on  and  run  down  the  lead  wires. 
The  ends  of  the  wires  were  brought  into  a 
small  wooden  box  for  protection. 


INSTRUMENTATION 

A  "stack"  of  plaster  of  paris  soil-moisture 
blocks   was    installed  at  each  station,  March 


Readings  were  taken  on  Bouyoucos  avail- 
able-moisture meters,  one  at  each  station 
(table  3,  p. -27).  The  meters  determined  per- 
centage   of    available  moisture,  and  thus  re- 


Figure  2. — 

The  soil -moisture  sta- 
tion at  Walnut  Canyon, 
located  near  the  lower 
forest  border.  These 
mature  ponderosa  pines 
are  being  used  for  core 
sampling. 


corded  relative  rather  than  absolute  amounts. 
A  reading  of  zero  on  the  meter  corresponded 
approximately  to  the  wilting  point  of  the  soil. 
During  long  periods  when  zero  percent  was 
recorded,  soil  moisture  may  have  decreased 
considerably  below  the  wilting  point,  and  large 
amounts  of  moisture  might  have  been  required 
to  restore  the  soil  moisture  to  the  wilting 
point  before  positive  readings  could  be  re- 
corded. Long  periods  of  high  readings  --  75  to 
90  percent  --  may  have  represented  field 
capacity  of  some  soil  layers. 

The  completed  plot  at  Fort  Valley  (fig.  3) 
was  laid  out  as  shown  in  figure  4.  A  barbed 
wire  fence  enclosed  the  16-foot-square  area 
so  that  a  walkway  was  left  between  fence  and 
plot;  the  box  holding  the  wire  terminals  could 
be  reached  without  passing  over  the  area 
immediately  above  the  plaster  blocks. 

At  Walnut  Canyon  the  same  ground  plan 
was  used  except  that  the  shape  had  to  be  ad- 
justed to  the  position  of  the  trees.  At  both 
stations,  the  stack  of  plaster  of  paris  blocks 
was  placed  within  the  zone  of  lateral  roots, 
and  presumably  the  soil  was  completely  oc- 
cupied by  roots.  Depths  of  the  various  plaster 
blocks  at  the  two  stations  were  as  follows: 


Block 
number 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 


Fort 

Valley 

(Inches) 

4 

8 

12 

18 

24 

36 

48 

60 

70 

84 

96 


Walnut 

Canyon 

(Inches) 

4 

8 

12 

18 

24 

36 

42 


TIME  OF  READINGS 

Plans  specified  weekly  readings  throughout 
the  entire  year  except  when  snow  covered  the 
lead-in  boxes.  In  case  of  probable  rain,  a 
reading  was  to  be  taken  within  a  few  hours 
prior  to  the  rain.  Readings  were  to  be  taken 
also  within  24  hours  after  a  rain  of  0.15  inch 


or  more  and  daily  thereafter  until  readings  at 
all  depths  returned  to  or  below  values  of  the 
last  reading  before  the  rain.  Although  it  was 
not  always  possible  to  follow  the  plans  as  laid 
out,  readings  were  taken  rather  frequently  for 
4  years.  It  was  noted  that  considerably  more 
than  0.15  inch  of  rain  was  required  to  affect 
readings,  even  at  the  4- inch  depth. 

At  Fort  Valley,  readings  were  taken  on 
five  consecutive  days  during  and  after  heavy 
rains  in  June  1955.  Daily  readings  were  taken 
in  several  series  during  July- August  1955  and 
July  1956.  In  many  cases,  however,  readings 
were  taken  at  intervals  longer  than  a  week 
and  a  few  at  less  than  a  week. 

At  the  Walnut  Canyon  station,  there  were 
many  cases  of  consecutive  daily  readings  in 
connection  with  rainfall.  From  June  15  to 
August  31,  1955,  readings  were  taken  daily, 
and  over  rather  long  periods  they  averaged 
oftener  than  weekly.  The  periods  during  which 
readings  were  taken  are  summarized  in  the 
following  tabulation: 


Number  of 

.LEY: 

readings 

RT  VAI 

1955 

May  27  - 

Oct.  24 

67 

1956 

Mar.  30  - 

Dec.  21 

56 

1957 

Jan.  5 

Oct.  31 

44 

Nov.  4 

Dec.  3 

2 

1958 

Jan.  14 

1 

Apr.  28  - 

July  14 

6 

Aug.  4 

Nov.  12 

14 

WALNUT  CANYON: 


1955 
1956 


1957 
1958 


May  31 
Jan.  16 
October 
Dec.  13 
Jan.  7 
Jan.  17 
Feb.  12 
June  17 
Aug.  8 
Sept.  5 


-  Dec.  29 

-  Sept.  6 

-  Dec.  24 

-  July  31 

-  Dec.  16 


104 

80 

3 

1 

65 

1 

1 

5 

1 

11 


Two  points  must  be  recognized  with  re- 
spect to  initial  and  final  meter  readings:  In 
1955,     time    was    required    for    the    moisture 


Figure   Z.— Completed  soil-moisture  station  at  Fort   Valley  showing  plot 
arrangement.      (See  figure   4.) 


Figure  4. — Arrangement  of 
soil-moisture  plot  at 
Fort  Valley  as  pictured 
in  figure   3. 
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blocks  and  the  repacked  soil  column  to  reach 
equilibrium  with  adjacent  soil  and  for  roots  to 
reoccupy  the  disturbed  soil  column.  Meter 
readings  were  continued  into  October  1959  at 
Fort  Valley  and  into  September  1960  at  Walnut 
Canyon.  But  since  the  plaster  blocks  deteri- 
orate after  3  years  of  use,  results  became 
erratic.  For  that  reason  records  for  1959  and 
1960  were  not  considered  in  this  report. 


RAINFALL  REGIMES 

Figure  5  gives  annual  rainfall  and  monthly 
minimums,  maximums,  and  averages  for  4 
years  of  precipitation  at  Fort  Valley  and 
Walnut  Canyon.  Within  the  span  of  4  years 
large  fluctuations  were  found.  Such  fluctua- 
tions are  typical  of  long-term  records  at 
these  stations  and  others  of  the  area. 


Table  1  brings  together  information  con- 
cerning the  precipitation  amounts  and  charac- 
teristics daily,  monthly,  and  annually  at  Fort 
Valley  and  Walnut  Canyon  for  the  4  years, 
1955-58.  Average  annual  rainfall  at  Fort 
Valley  for  the  4  years  was  22.28  inches;  at 
Walnut  Canyon,  16.88  inches.  In  details  from 
month  to  month,  the  two  stations  recorded 
marked  differences  at  certain  times,  espe- 
cially in  the  summer.  For  example,  in  August 
1955,  rain  fell  at  both  stations  on  8  days;  on 
10,  it  rained  at  Fort  Valley  only;  and  on  6,  it 
rained  at  Walnut  Canyon  only.  The  amounts  of 
rain  varied  greatly  on  any  1  of  the  8  days 
when  rain  fell  at  both  stations.  During  the  10 
days  with  rain  only  at  Fort  Valley,  4.99  inches 
of  rain  fell;  during  the  6  days  with  rain  only 
at  Walnut  Canyon,  0.67  inch  fell.  Summer  rain 
on  the  Coconino  Plateau  is  thunderstorm  type, 
and  may  be  quite  localized  on  a  particular  day. 
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Figure  5. — The  maximum^   average,   and  minimum  monthly  precipitation  at  Fort  Valley  and  at  Walnut 
Canyon,  plus  yearly  average  for  the  four  years  under  study. 
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The  pattern  of  precipitation  at  the  two  sta- 
tions differs  in  total  amounts,  in  distribution 
details,  and  distribution  amounts(table  3, p.  27). 
Records  have  been  kept  at  Fort  Valley  for  47 
years;  at  Walnut  Canyon,  11  years.  But  at 
both  stations,  1956  showed  the  lowest  amount 
of  precipitation  recorded. 


FORT  VALLEY  STUDIES 

Infiltration  and  Percolation 

The  infiltration  and  percolation  of  soil 
moisture  within  the  root  zones  of  trees  may 
occur  in  a  matter  of  hours  or  days.  Penetra- 
tion below  12  to  24  inches  may  require  1  to  3 
weeks.  Many  of  the  recorded  fluctuations  of 
soil  moisture,  however,  did  not  lend  them- 
selves to  simple  and  direct  interpretations 
because  of  the  complexity  of  the  interrelation- 
ships among  interception  of  precipitation  by 
tree  crowns,  litter,  and  humus;  infiltration; 
percolation;  wetting;  intensity  of  rainfall; 
cumulative  rainfall;  evaporation;  transpira- 
tion; physiological  activities  of  the  plant 
cover;  instrumental  variations;  and  the  long 
period  between  some  measurements. 

At  Fort  Valley  in  1955  (fig.  6)  moisture- 
meter  readings  fell  steadily  from  the  first 
reading  in  May  until  June  4,  and  presumably 
continued  to  fall  until  June  13.  The  rains  of 
3.69  inches  on  June  13-14  were  followed  by  a 
pronounced  increase  in  moisture  readings  at 
4-  and  24-inch  depths.  At  intermediate  depths, 
the  increase  of  the  already  high  moisture  con- 
tent was  slight,  and  the  percolating  water 
passed  through  to  the  24-inch  depth.  The  added 
soil  moisture  penetrated  to  36  inches  between 
June  17  and  21. 

Soil  moisture  at  the  24- inch  depth  de- 
creased from  July  9  to  August  15,  whereas  at 
the  36-inch  depth  it  decreased  until  August  24. 
The  rains  of  July  and  August  up  to  the  15th 
totaled  6.40  inches  in  22  days  of  rain.  Appar- 
ently the  soil  moisture  from  these  rains,  aided 
by  2  inches  on  August  15  and  17,  passed 
through  the  shallow  depths  where  soil  mois- 
ture was  at  or  near  field  capacity,  and  caused 
a  rapid  rise  at  24  inches  during  August  16-17. 
Nine  days  later  the  soil  moisture  at  36  inches 
suddenly  increased  from  near  zero  to  75  per- 


cent of  available  moisture.  It  is  to  be  noted,^ 
however,  that  this  rapid  rise  occurred  within 
a  day  after  a  rain  of  1.28  inches  on  August  24. 

In  1956,  two  contrasting  situations  stand 
out  at  Fort  Valley  (fig.  7).  A  rain  of  1.65 
inches  on  June  30  penetrated  8  inches  in  3 
days,  and  had  very  little  effect  at  12  inches. 
In  spite  of  the  heavy  rain,  soil  moisture  at  4 
inches  rose  only  from  4  to  22  percent,  at  8 
inches  from  4  to  12  percent,  and  at  12  inches 
from  2  to  5  percent  of  field  capacity.  Perco- 
lating water  did  not  reach  18  inches.  In  con- 
trast, the  frequent,  small  summer  rains  that 
started  July  13  and  accumulated  2.61  inches 
during  the  remainder  of  the  month  had  no 
effect  until  after  July  26.  The  heaviest  rain  of 
the  series,  0.69  inch,  came  July  29;  soil- 
moisture  readings  of  July  30  showed  a  precip- 
itous rise  from  zero  or  near  zero  on  July  26 
to  34  to  75  percent.  Summer  rains  did  not 
penetrate  so  far  as  24  inches.  Thus,  the  early 
single  heavy  rain  had  little  effect,  whereas  a 
series  of  lighter  rains  climaxed  by  a  moder- 
ately heavy  one  increased  soil  moisture 
markedly  to  a  depth  of  18  inches. 

There  were  three  situations  of  note  at  the 
Fort  Valley  station  during  1957  (fig.  8).  On 
January  5,  all  levels  were  at  zero  readings. 
Precipitation  of  0.64  inch,  January  4  to  6, 
augmented  by  1.97  inches  on  January  8  and  9, 
brought  a  decided  increase  in  the  readings  of 
January  11  to  a  depth  of  18  inches.  The  in- 
crease had  reached  24  inches  at  the  time  of 
the  next  reading,  January  18;  36  inches  by 
February  18,  which  was  the  first  reading  since 
January  25;  and  48  inches  on  February  25. 
Subsequent  precipitation  of  2.78  inches  from 
January  21-30  and  1.06  February  18-24  may 
have  contributed  to  driving  the  moisture  to 
those  depths. 

A  second  situation  in  1957  occurred  in 
connection  with  summer  rains.  The  steady  de- 
cline of  soil  moisture  that  began  toward  the 
end  of  June  was  arrested  in  an  irregular 
fashion,  to  the  12-inch  level  only,  by  4.10 
inches  of  rain  that  fell  on  18  different  days 
from  July  14  to  August  13.  The  largest  fall 
was  0.57  inch  on  July  18.  Rains  of  0.83  inch 
on  August  25-27  brought  a  slight  rise  of  soil 
moisture  at  4  inches  only. 
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The  third  situation  of  1957  occurred  in 
connection  with  the  October  rainSo  Available 
soil  moisture  had  declined  from  July  through 
September  to  near  zero  at  all  depths  except 
96  inches.  The  1.83  inches  of  rain  October 
11-13  brought  an  abrupt  rise  in  the  readings 
of  October  14  to  the  18-inch  depth.  Readings 
at  the  24-inch  level  remained  at  zero  until 
after  October  31.  Additional  rains,  culminat- 
ing in  2.06  inches  on  November  3-4,  appar- 
ently caused  a  rise  to  81  percent  on  November 
4.  These  same  rains  may  have  caused  the 
slight  rise  at  the  18-inch  depth.  A  reading 
taken  a  month  later,  December  3,  showed  that 
a  slight  rise  in  soil  moisture  had  occurred  at 
36  inches  at  some  time  between  readings.  No 
additional  moisture  was  detected  at  48  inches. 

A  total  of  17.50  inches  of  precipitation  was 
recorded  from  October  1,  1957,  to  April  30, 
1958.  On  April  28,  soil  moisture  was  high 
throughout  the  full  96-inch  profile,  except  for 
the  36-inch  level.  Attempts  to  explain  this 
disparity  would  be  largely  speculative.  By 
contrast,  10.97  inches  during  the  same  period 
on  1956-57  raised  soil  moisture  only  through 
the  48-inch  depth,  and  7.65  inches  in  1955-56 
only  through  the  24-inch  depth.  The  long-term 
average  precipitation  for  this  7- month  period 
is  between  13  and  13-1/2  inches. 

Two  other  situations  in  1958  are  worthy  of 
comment,  one  in  connection  with  single  light 
rains  of  early  summer  and  the  other  with 
continued  rains  of  late  summer  (fig.  9).  The 
rain  of  0.38  inch  on  June  22  after  22  rainless 
days  did  not  halt  the  decline  of  soil  moisture 
as  measured  4  days  later.  It  may  not  even 
have  penetrated  the  litter  layer.  The  rain  of 
0.58  inch  on  July  24,  after  another  32  rainless 
days,  was  not  apparent  in  the  soil  on  August  4. 
Down  to  36  inches,  available  soil  moisture 
was  very  low  or  near  zero  on  August  4.  The 
accumulated  rains  of  late  July  and  early 
August  caused  a  rise  in  soil  moisture  by 
August  11,  slight  at  the  4-  and  8- inch  levels 
but  pronounced  at  the  12-  and  18-inch  levels. 
The  additional  heavy  rains  of  early  September 
apparently  forced  moisture  through  to  the  24- 
inch  depth,  and  later,  in  irregular  pattern,  to 
48  inches. 

Soil-Moisture  Patterns 

Soil-moisture  fluctuations  at  Fort  Valley 
were  not  uniform  from  year  to  year.  With  two 


wet  seasons  a  year,  two  general  periods  of 
high  soil- moisture  content  might  be  expected. 
They  do  not  necessarily  occur,  as  there  is 
great  variation  in  precipitation  among  sea- 
sons. In  1955,  soil  moisture  remained  high  at 
the  first  four  levels  through  the  early  summer 
dry  season  and  did  not  begin  to  decrease  un- 
til well  into  the  autumn  dry  season.  The  July 
decline  of  soil  moisture  at  24  and  36  inches 
was  reversed  sharply  in  August,  a  result  per- 
haps of  the  percolating  waters  from  summer 
rains.  Possibly  roots  did  not  effectively  re- 
occupy  the  disturbed  soil  column  until  late 
summer. 

Total  precipitation  at  Fort  Valley  during 
1956  was  the  lowest  in  47  years  of  record. 
Soil  moisture  was  high  only  through  the  24- 
inch  depth  after  the  winter  wet  season  and  de- 
clined into  the  early  summer  dry  season. 
Summer  rains  increased  soil  moisture  sharp- 
ly down  to  24  inches.  By  mid-September  soil 
moisture  was  at  zero  percent,  where  it  re- 
mained presumably  until  the  start  of  the  next 
winter  wet  season.  The  curve  of  soil  moisture 
during  1956  traces  a  double-crested  graph  to 
match  a  double  rainy  season. 

The  beginning  of  the  winter  wet  season  in 
January  1957  restored  soil  moisture  to  a  high 
level  through  the  48-inch  depth,  where  it  re- 
mained until  well  into  the  early  summer 
drought.  The  summer  rains  came  as  frequent 
but  generally  light  showers,  and  the  general 
decrease  of  soil  moisture  continued  into  the 
autumn  dry  season,  with  only  a  slight  and  ir- 
regularly placed  temporary  delay  in  August 
down  to  12  inches.  Apparently  interception, 
evaporation,  and  transpiration  generally  ex- 
ceeded rainfall.  October-November  rains  re- 
stored soil  moisture  to  rather  high  levels  -- 
down  through  24  inches.  Thus,  the  soil  mois- 
ture of  1957  stands  in  an  intermediate  position 
between  1955,  with  one  time  of  decided  dearth 
of  soil  moisture,  and  1956  with  two  marked 
intervals  of  low  moisture. 

The  year  1958  had  two  times  of  declining 
soil  moisture  as  did  1956,  but  in  contrast  with 
1956  the  early  summer  drought  was  longer 
and  not  so  intense,  and  the  rise  in  soil  mois- 
ture due  to  the  summer  rains  was  greater  and 
continued  much  longer.  Heavy  September  rains 
restored  soil  moisture  through  the  48- inch 
level. 
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Figure  8. — Plotted  soil-moisture  readings  and 
daily  precipitation  at  Fort  Valley,  January 
1957-rIanuary  1958,  to  48  inches.  Readings 
below  48  inches  were  at  or  near  zero  except  at 
96  inches,   which  fluctuated  around  10  percent. 
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Figure  9. — Plotted  soil-moisture  readings  and 
daily  precipitation  at  Fort  Valley,  May- 
November  1968,    to  96  inches. 
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At  Fort  Valley,  soil- moisture  records  for 
the  4  years,  1955-58,  differed  from  each  other 
in  detail.  Winter  precipitation  comes  at  a 
time  when  vegetation  in  general  is  dormant 
and  transpiration  from  conifers  at  a  mini- 
mum. The  precipitation  is  effective  in  re- 
charging the  moisture  in  the  deeper  layers  of 
soil.  Summer  precipitation,  coming  at  a  time 
when  vegetation  is  active  and  transpiration  at 
a  maximum,  rarely  penetrates  to  levels  where 
it  contributes  to  the  deep  soil- moisture 
reservoir. 

WALNUT  CANYON  STUDIES 

Infiltration  and  Percolation 


July-August.  Their  effects  did  not  reach  to  8 
inches.  Rains  of  1.44  inches  on  June  28-30 
caused  an  increase  of  soil  moisture  at  4 
inches,  from  zero  on  June  27,  to  20  percent 
on  June  30,  and  75  percent  on  July  2.  Here,  a 
heavy  rain  produced  a  rapid  response  in  soil- 
moisture     replenishment     at    shallow    depths. 

Nearly  1.6  inches  of  rain  scattered  over 
an  interval  of  11  days  in  late  July  caused  a 
steady  and  moderate  increase  of  soil  moisture 
at  4  inches  only.  The  light,  scattered  rains  of 
August  may  have  delayed  somewhat  but  did 
not  prevent  the  decrease  of  soil  moisture  to 
zero  percent  at  4  inches  even  before  the  rains 
ceased. 


At  Walnut  Canyon  in  1955  (fig.  10),  the 
rain  of  3.05  inches  on  June  13  had  a  spectacu- 
lar influence  at  4,  8,  and  12  inches.  Arrival  of 
the  moisture  at  8  inches  was  delayed  not  more 
than  2  days  (no  readings  on  June  14).  It  raised 
the  moisture  level  at  12  inches  from  near 
zero  to  80  percent,  starting  within  2  days  and 
continuing  through  11  days.  In  July,  with  a 
fair  amount  of  soil  moisture  remaining  at  the 
upper  three  levels  (possibly  because  roots  had 
not  yet  reoccupied  the  disturbed  soil  column), 
the  response  to  rainfall  on  three  successive 
days  was  more  gradual  than  in  June.  The 
summer  rains  appear  to  have  had  only  slight 
effect  at  18  inches.  Speed  of  depletion  of 
moisture  of  the  upper  three  soil  levels  and  its 
dependence  on  the  immediate  rains  are  well 
illustrated  by  the  June-September  graphs.  In 
contrast  with  rapid  responses  of  soil  moisture 
to  rainfall  at  shallow  depths  during  the  sum- 
mer, precipitation  of  0.62  inch  on  November 
13  and  0.33  inch  on  November  14  had  not  af- 
fected the  4- inch  depth  by  November  15.  Pre- 
cipitation of  November  and  early  December 
apparently  did  not  penetrate  to  the  12- inch 
depth. 

Soil  moisture  increased  through  February 
and  March  1956  (fig.  11),  because  of  the  Jan- 
uary-February precipitation,  but  only  through 
the  12-inch  depth.  Readings  of  February  18, 
the  first  since  January  28,  showed  an  increase 
of  soil  moisture  at  the  4-  and  8-inch  depths. 
At  the  12-inch  depth,  the  increase  appeared  at 
the  next  reading  on  February  28. 

The  summer  rains  of  1956  consisted  of  a 
heavy  rain  in  late  June  and  scattered  rains  in 


In  1957,  soil  moisture  increased  rapidly 
and  to  a  great  extent  in  connection  with  pre- 
cipitation of  January  and  with  rains  of  Octo- 
ber-November, and  increased  slightly  and 
more  slowly,  at  4  inches  only,  in  connection 
with  those  of  May- June  (fig.  12).  Precipitation 
of  1.72  inches  on  January  8  increased  soil 
moisture  at  4  inches  from  zero  on  January  7 
to  75  percent  on  January  9.  At  8  inches,  soil 
moisture  showed  an  increase  between  January 
10  and  12,  and  reached  a  high  point  on  January 
16.  The  increase  at  12  inches  started  3  days 
later  than  at  8  inches.  Precipitation  of  late 
January  appeared  to  have  passed  through  the 
upper  levels,  high  in  soil  moisture  at  the 
time,  and  to  have  reached  the  18-  and  24-inch 
levels  between  February  8  and  11.  Three  ad- 
ditional days  were  required  for  the  soil  mois- 
ture to  pass  from  24  inches  to  36  inches. 
Increase  at  42  inches  was  more  gradual;  max- 
imum was  reached  in  late  March. 

The  rains  of  October-November  1957 pene- 
trated effectively  to  the  24-inch  level.  Rains 
of  1.50  inches  on  October  11-12  had  no  effect 
at  4  inches  until  the  reading  dates,  October 
14-16,  after  which  there  was  a  gradual  in- 
crease in  soil  moisture,  to  a  maximum  on 
November  4.  Apparently  the  fall  rains  did  not 
affect  soil  moisture  below  the  4- inch  depth 
until  the  storms  of  the  4-day  period,  October 
31  to  November  3,  which  totaled  2.53  inches, 
increased  soil  moisture  at  the  8-  and  12-inch 
depths  from  zero  on  November  1  to  80  percent 
on  November  4.  Available  soil  moisture  at  18 
inches  remained  at  zero  at  least  until  Novem- 
ber 7,  3  days  after  the  peak  at  12  inches.  The 
peak  at   18  inches  was  recorded  on  November 


15 


(XN3Da3d)  3ynxsioi^  aiaviivAV 


(S3H0NI) 
NOIXVi.ldl33tdd 


tJ 
^ 


■w 

3 


3 


e 

a 

H 

^3 
Sh 

s; 
to 
+i 

4J 

a 

g    . 
w 

CO     ID 


« 

^^ 

ex  s; 
-^  o 

a  o 

CO 
CO   "--i 


+i 


a 
^^ 

E  O 
Q>  s; 
i~~i  ca 

^     S 

+^  s 

"^    In 

a  ^ 
E  "^ 

<^  ^ 


to  IS 
-.  ^  cn  o 
S  ^   s   Is 

■13    O  'T3  ^ 
(3  4^    <3  ^ 


^^ 


(±N3oa3d)  3ynj.sio/M  3iaviivAV 


(S3H3NI) 
NOIJ.VXIdl33iJd 


-  16 


15,  and  at  24  inches  on  November  20.  At 
greater  depths  the  rains  of  autumn  had  a  very 
slight  effect. 

Gaps  in  the  record  and  long  intervals  be- 
tween readings  prevent  detailed  interpretation 
3f  infiltration  and  percolation  in  1958.  Read- 
ings of  August  8,  1958,  showed  zero  available 
moisture  above  42  inches  (fig.  13).  Eighteen 
rains  from  August  2  through  September  4 
totaled  4.70  inches,  with  one  rain  of  1.56  inch- 
es on  August  17.  On  September  5,  the  4-inch 
level  showed  56  percent  available  moisture; 
the  8-inch,  28  percent;  and  the  12-inch,  3 
percent.  The  2.50  inches  of  rain  from  Septem- 
ber 23-28  apparently  passed  through  the  al- 
ready moist  4-  and  8- inch  levels  with  slight 
and  moderate  effects,  and  brought  the  12-inch 
reading  up  sharply  in  the  readings  of  Septem- 
ber 29.  No  increase  in  soil  moisture  was 
detected  at  18  inches  until  October  8;  4.68 
inches  of  rain  had  fallen  since  September  4. 
Here,  as  in  former  years,  summer  rains 
penetrated  only  the  shallow  layers  of  soil. 

Soil-Moisture  Patterns 

The  soil- moisture  regime  at  Walnut  Can- 
yon appeared  more  regular  than  that  at  Fort 
Valley,  and  dry  periods  were  longer  and  more 
intense.  When  soil-moisture  readings  were 
begun  at  Walnut  Canyon  in  early  June  1955, 
available  moisture  was  near  or  at  zero  per- 
cent down  to  36  inches.  A  single  heavy  rain 
and  the  general  summer  rains  brought  a  rapid 
rise  in  soil  moisture,  which  then  remained 
high  until  late  August.  Again,  we  may  presume 
that  roots  did  not  reoccupy  the  disturbed  soil 
column  until  late  summer.  Low  soil  moisture 
during  early  summer  and  autumn  droughts 
separate  intervals  of  high  soil  moisture  of  the 
two  rainy  seasons,  thus  giving  a  soil- moisture 
regime,  at  shallow  depths,  consistent  with 
what  one  would  expect  from  the  precipitation. 

In  1956,  the  winter  precipitation  increased 
soil  moisture  down  to  only  12  inches.  The  late 
spring-early  summer  dearth  of  soil  moisture 
continued  into  January  1957  except  at  4  inches, 
where  the  summer  rains  brought  a  sharp  but 
temporary  increase. 

Soil-moisture  fluctuations  of  1957  bear 
little  resemblance  to  those  of  1955  or  of  1956. 


A  late-summer  increase  is  entirely  lacking, 
presumably  because  July-August  rains  were 
light  and  scattered.  High  available  soil  mois- 
ture of  January-March  began  to  decline  in 
April,  and  with  only  a  brief  hesitation  at  shal- 
low depths  reached  zero  or  near  zero  percent 
during  July.  No  perceptible  change  occurred 
until  the  rains  of  October  and  early  November 
brought  a  rapid  increase  down  to  24  inches. 
Rains  that  fell  in  July  and  August  did  not 
cause  a  crest  in  soil  moisture. 

Thus  at  Walnut  Canyon  the  3  years  of  1955- 
57  present  three  types  of  soil-moisture  re- 
gimes: 1955  with  its  summer  abundance  of 
soil  moisture  bounded  by  a  lack  of  soil  mois- 
ture before  and  after  the  summer  rainy  sea- 
son; 1956,  a  very  dry  year,  with  its  slight 
response  to  summer  rains;  and  1957,  a  year 
of  much  early  and  late  rain,  with  no  distinct 
summer  crest  of  soil  moisture  when  rain  was 
below  average. 

The  abundance  of  soil  moisture  in  late 
1957  continued  into  the  winter  of  1958.  When 
the  record  began  again  in  June-July  1958, 
readings  were  near  or  at  zero.  The  increase 
that  came  later  was  not  a  "typical"  summer 
increase,  but  was  displaced  from  July-August 
to  September-October. 

At  Walnut  Canyon  as  at  Fort  Valley, 
amounts  of  annual  precipitation  varied  and  the 
distribution  changed  from  year  to  year.  On 
long-time  averages,  two  crests  of  soil  mois- 
ture would  be  expected  each  year,  one  during 
winter  and  the  other  during  summer.  For  any 
particular  year  the  general  rule  does  not 
necessarily  apply,  as  the  4  years  of  record 
illustrate. 


COMPARISON  OF  SOIL-MOISTURE 
FLUCTUATIONS 

The  variations  in  soil  moisture  from  year 
to  year  are  generalized  in  figure  14  for  Fort 
Valley  and  in  figure  15  for  Walnut  Canyon. 
Winter  crests  are  more  uniform  and  persist- 
ent than  summer  crests.  Annual  totals,  period 
totals,  or  even  monthly  totals  of  precipitation 
can  form  no  constantly  safe  guide  to  the 
amounts  of  soil  moisture  available  at  any 
specified  time.  Integration  of  data  on  size  and 
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WALNUT  CANYON 


Figure   12. — Plotted  soil-moisture  readings  and  daily  precipitation  at  Walnut  Canyon^   January   1957- 

February   1958,    to  42  inches. 
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spacing  of  storms,  adjusted  for  season  and 
existing  soil  moisture,  might  provide  a  better 
guide. 


Insofar  as  records  are  available,  the  gross 
features  of  the  graphs  on  figures  14  and  15 
are  much  the  same.  Soil  moisture  at  Walnut 
Canyon  is  not  so  plentiful  or  so  long  continu- 
ing as  at  Fort  Valley.  Smaller  amounts  of 
precipitation  fall  on  shallower  soil.  There  are 
differences  in  detail.  A  high  percentage  of  soil 
moisture  at  Fort  Valley  does  not  always  indi- 
cate a  high  percentage  at  Walnut  Canyon. 


One  point  of  special  significance  to  hydrol- 
ogy stands  out  in  a  comparison  of  summer  and 
winter  percolation.  Summer  rainfall  seldom 
penetrated  through  the  shallow  soil  layers  to 
the  deep  layers.  Only  winter  precipitation 
penetrated  to  a  depth  sufficient  to  recharge 
the  deep-soil  reservoir,  and  this  only  with 
ample  precipitation.  The  tendency  for  mois- 
ture to  remain  constant  in  the  deep  layers  of 
soil  probably  means  that  few,  if  any,  roots 
exist  at  these  levels.  In  fact,  the  rate  of  mois- 
ture depletion  at  different  depths  might  be 
used  to  interpret  the  effective  depth  of  root 
systems. 
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SOIL  MOISTURE  AND  TREE  GROWTH 


The  role  of  soil  moisture  in  relation  to 
tree  growth  and  the  problems  inherent  in  a 
study  of  these  relationships  are  brought  to  a 
focus  in  the  apt  title:  "Trees  also  need  water 
at  the  right  time  and  place"  (Hayes  and  Buell 
1955).  Pearson  (1918,  1924,  1931,  1950)  men- 
tioned the  importance  of  the  growing  season 
and  the  position  of  feeder  roots.  Time  growth 
begins  in  the  spring  is  largely  attributed  to 
temperature.  Moisture  no  doubt  contributes  to 
amount  of  growth  and  time  of  cessation. 


The  frostless  period  at  the  Fort  Valley  and 
Walnut  Canyon  stations  commonly  extends 
from  early  June  to  late  September  (Pearson 
1931,  p.  19),  but  at  Walnut  Canyon  the  period 
is  several  days  longer.  From  information 
given  by  Pearson  (1931,  pp.  22-31)  it  maybe 
inferred  that  mean  maximum,  mean  minimum, 
and  mean  monthly  temperatures  are  several 
degrees  lower  at  Fort  Valley  than  at  Walnut 
Canyon. 

The  position  of  feeder  roots  bears  a  dis- 
tinct relationship  to  fluctuations  of  soil  mois- 
ture. According  to  Pearson  (1931,  p.  64),  "the 
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Figure   14.  — 

FORT  VALLEY 


FORT  VALLEY 


^  PRECIPITATION  ABOVE  NORMAL 
•  TEMPERATURE  ABOVE  NORMAL 


Variations  in  soil-moisture  regimes  from  year  to 
year  and  months  of  above  normal  temperature  and 
precipitation.  Numbers  at  right  margin  are 
increasing  thickness   of  growth   layers. 
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JULY 
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Figure   15. — 

WALNUT  CANYON 


WALNUT  CANYON 

4  PRECIPITATION  ABOVE  NORMAL 
•  TEMPERATURE  ABOVE  NORMAL 
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great  mass  of  feeders  lies  within  2  feet  of  the 
surface."  Under  certain  soil  conditions  roots 
may  penetrate  to  a  depth  of  4  feet,  or  slightly 
more.  Observations  of  windthrown  trees  and 
of  root  systems  exposed  in  cinder  pits  over 
a  period  of  many  years  have  supported 
Pearson's  statements.  Figure  16  shows  the 
flat  lateral  root  system  of  a  windthrown  pon- 
derosa  pine  just  west  of  the  Fort  Valley  sta- 
tion headquarters.  Although  the  flat  mass,  6 
to  18  inches  thick,  might  be  thinner  than  the 
average,  it  illustrates  the  typical  root  system 
observed  not  only  in  the  vicinity  of  the 
soil-moisture  stations,  but  also  extensively 
throughout  the  ponderosa  pine  zone  of  north- 
ern Arizona.  The  great  mass  of  feeder  roots 
are  no  doubt  confined  to  the  shallow  layers 
where  moisture  is  frequently  available  during 
the  active  growing  season.  The  rate  and 
amount  of  summer  moisture  depletion  at  dif- 
ferent depths  probably  indicated  the  effective 
depth  of  root  systems. 

Elongation,  or  tip  growth  begins  in  May, 
proceeds  rapidly  in  June,  then  slows  and 
ceases  early  in  July  (Pearson  1924,  p.  203; 
1931,  pp.  19,  99).  Our  observations  for  the 
past  12  years  have  shown  that  tip  and  needle 
growth  at  a  certain  time  have  been  more  ad- 
vanced in  general  at  Walnut  Canyon  than  at 
Fort  Valley. 

Figure  17  gives  percentage  of  radial  growth 
by  certain  dates  of  the  years  1954-61  for  the 
two  groups  of  ponderosa  pine  averaged  for 
each  station.  Incomplete  growth  of  a  year  was 


compared  to  completed  growth  of  the  same 
year  of  all  cores  taken  subsequently.  Hence, 
from  1954  to  1961  there  was  a  decreasing 
number  of  growth  layers  from  which  to  obtain 
the  percentage  of  completion. 

Individual  trees  show  considerable  varia- 
tions from  the  average;  cores  taken  at  both 
stations  showed  that  the  range  in  percentage 
of  completeness  appeared  to  be  less  at  Walnut 
Canyon  than  at  Fort  Valley,  as  follows: 


Fort  Valley: 
July  28,  1956 
August  14,  1959 
July  9,  1960 
August  1,  1960 
July  3,  1961 
July  29,  1961 

Walnut  Canyon: 
July  25,  1956 
Aug.  12,  1959 
July  8,  1960 
June  29,  1961 
July  24,  1961 


Percent 

62-100 
46-100 
21-  60 
38-  87 
16-  56 
47-100 

28-100 
85-100 
83-100 
61-  96 
84-100 


Cores   taken    at  both  stations  showed  growth 
had  been  completed  by  October  6,  1961. 

Perhaps  the  most  important  fact  shown  by 
figure  17  is  the  percentage  of  the  year's 
growth  attained:  a  higher  percentage  had  been 
completed  by  a  certain  date  at  Walnut  Canyon 
than  at  Fort  Valley. 


Figure   16.  — 

"Pancake"  root  system  of 
a  windthroijn  ponderosa 
pine  west  of  Fort  Valley 
station  headquarters. 
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Figure   17. —    ■ 

Percentage  of  growth  oompleted  by  various 
dates  in  July  and  August  for  trees  at  Fort 
Valley  and  at  Walnut  Canyon. 


Diameter  growth  (Pearson  1924,  pp.  203- 
204;  1931,  p.  19)  begins  the  latter  part  of  May 
and  is  practically  complete  by  September  1. 
This  does  not  mean  that  growth  must  continue 
that  long,  that  it  must  be  continuous,  or  that 
it  must  be  parallel  in  time  or  amount  at 
Walnut  Canyon  and  Fort  Valley.  A  test  made 
the  first  part  of  July  at  Walnut  Canyon  showed 
diameter  growth  in  a  mature  ponderosa  pine 
equaling  the  average  growth-layer  thickness 
of  the  previous  10  years.  There  was  no  evi- 
dence of  densewood  (summerwood).  In  con- 
trast a  test  made  at  the  same  time  at  Fort 
Valley  showed  only  one  to  two  rows  of  new 
cells,  which  indicated  that  growth  had  just 
begun.   This  was  not  an  isolated  instance. 

Many  ponderosa  pines  at  Fort  Valley,  Wal- 
nut Canyon,  and  several  other  localities  in  the 
vicinity  of  Flagstaff  have  been  observed  and 
cored  since  1949.  Before  1949,  cores  were 
taken  every  2  or  3  years;  since  1958,  cores 
have  been  taken  two  or  three  times  each  year. 
Since  the  soil-moisture  stations  were  estab- 


lished, trees  whose  root  zones  surrounded  the 
plaster  blocks,  and  two  others  in  the  immedi- 
ate vicinity,  were  added  to  those  sampled.  The 
number  of  cores  used  in  the  averages  for  each 
year  varies  from  25-39  for  1955  to  17-25  for 
1958.  Except  for  1956  little  relationship  was 
found  between  growth-layer  thickness  and 
precipitation,  either  annual  or  period.  July- 
August  rainfall  appears  to  have  a  somewhat 
closer  relationship  to  growth-layer  thickness 
than  do  the  other  rainfall  periods.  The  rela- 
tionship is  neither  close  enough  nor  suffi- 
ciently prolonged  to  be  more  than  suggestive. 

Information  for  Fort  Valley  and  Walnut 
Canyon  is  summarized  as  a  matter  of  con- 
venience for  each  year,  beginning  with  the 
year  of  the  thinnest  growth  layer  (table  2). 

The  length  of  record,  4  years,  is  inade- 
quate for  more  than  tentative  conclusions. 
When  readings  began  the  end  of  May  1955,  the 
plaster  blocks  may  not  have  quite  attained 
equilibrium  with  the  soil  and  its  moisture, 
and  tree  roots  may  not  have  reoccupied  the 
disturbed  soil  until  even  later  in  the  summer. 
Some  of  the  blocks  may  have  failed  as  early 
as  1958. 

Temperatures  during  the  growing  season 
apparently  were  not  prime  controlling  factors 
in  the  thickness  of  the  growth  layers.  The 
year  1955,  which  produced  the  thickest  growth 
layer  of  the  period  1955-58,  had  temperatures 
below  normal  January  to  July.  August  was 
above  normal.  In  1956,  which  produced  the 
thinnest  growth  layer  of  the  period,  tempera- 
tures were  above  normal  May-June  and  below 
normal  July-August. 

Soil  moisture  appears  to  be  more  directly 
related  to  growth  than  is  temperature.  The 
thickest  growth  layer,  1955,  was  formed  dur- 
ing a  summer  of  abundant  soil  moisture  and 
of  precipitation  double  that  of  the  other  years. 
During  the  year  of  the  thinnest  growth  layer, 
1956,  summer  soil  moisture  was  scant  and 
the  limited  winter  soil  moisture  was  depleted 
rather  early.  In  1957,  the  year  of  the  next  to 
thinnest  growth  layer,  summer  soil  moisture 
was  scant  and  winter  soil  moisture  was  de- 
pleted a  month  later  than  in  1956.  Both  1956 
and  1957  had  low  summer  precipitation  com- 
pared  with    1955;  the  winter  precipitation  of 
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Table  2.  --Temperature, 


precipitation,   and  soil  moisture  as  related  to  growth-layer  thickness 
at  Fort  Valley  and  at  Walnut  Canyon,    1955-58 


Growth  layers 


Year 


Average  temperature 


Precipitation 


Soil  moisture 


FORT     VALLE  Y 


Thinnest; 

0.  45  mm. 

75  percent  of  growth 

layer  completed  by 

July  28 


1956        Jan.  -Apr.  --Alternately 

above  and  below  normal 
May- June  - -Above 
July-Aug.  --Below 
Sept.  --Above 
Strong  drying  winds  in  May 


Annual:     Least  in  4-year 

period,    1955-58 

Jan.  --Slightly  above  normal 

Feb.  -May- -Much  below 

June --Much  above 

July- -Slightly  below 

Aug.  --Much  below 

Sept.  -  -Trace 

Oct.  -Dec  .  --Much  below 


Began  decline  in  mid-May; 
near  zero  by  June  20;  very 
low  until  late  July;  brief 
crest  first  week  of  August 
down  to   18-inch  depth; 
decline  to  zero  reading 
early  September 


Next  to  thinnest; 
0.  54  mm. 

44  percent  of  growth 
layer  completed  by 
July  18 


1957       Jan.  -Mar.  --Much  above 
normal 
Apr.  -May--Much  below 
June--Above 
July-Sept.  --Below 


Annual:    Highest  in  4-year 
period,    1955-58 
Jan.  --Much  above  normal 
Feb.  -Apr.  --Much  below 
May -June  - -Much  above 
July--Slightly  above 
Aug.  -Sept.  --Much  below 
Oct.  -Nov.  --Much  above 


Began  decline  in  late  June; 
low  by  late  July;  not  replen- 
ished until  October 


Next  to  thickest; 
0.  64  mm. 

16  percent  of  growth 
layer  completed  by 
July  1 


1958        Jan.  -Feb.  --Above  to  much 
above  normal 
Mar.  -Apr.  --Much  below 
May-June --Above 
July- -Slightly  below 
Aug. --Above 
Sept.  --Below 


Annual:    Next  to  highest  in 
4-year  period,    1955-58 
Jan.  --Much  below  normal 
Feb.  --Normal 
Mar.  --Much  above 
June -July- -Much  below 
Aug.  -Sept.  --Above 
Sept.  --Nearly  5  times  normal 


Began  gradual  decline  late 
May;  low  by  end  of  June; 
some  recharge  began  first 
half  of  August  to  be  followed 
by  more  in  September 


Thickest; 

0.65  mm. 

73  percent  of  growth 

layer  completed  by 

July  23 


1955       Jan.  -July- -Below  to  much  below 
Aug.  --Slightly  above 
Sept.  --Slightly  below 


Annual:    Next  to  least  in 

4-year  period,    1955-58 

Jan.  --Above  normal 

Feb.  --Normal 

Mar.  -May--Below 

Mar.  --Much  below 

June--More  than  5  times  normal 

July-Aug.  --Above  to  much  above 

Sept.  -Oct.  --Much  below 

Nov.  --Normal 

Dec.  --Below  normal 


Abundant  all  summer 


WALNUT     CANYON' 


Thinnest; 

0.  19  mm. 

78  percent  of  growth 

layer  completed  by 

July  2  5 


Next  to  thinnest; 
0.  49  mm. 

74  percent  of  growth 
layer  completed  by 
July  16 


1956  Alternately  above  and  below 

normal 
Jan.  --Much  above 
May- June  -  -Above 
Jvily-Aug.  --Below 
Sept.  --Above 
Strong  drying  winds  in  May 

1957  Jan.  -Mar.  --Much  above  normal 
Apr.  -May- -Below  to  much  below 
June --Above 

July-Sfcpt.  --Near  normal 


Annual:     Least  in  4-year 

period,    1955-58 

Jan.  -May--Below  normal 

Mar.  --Much  below 

June --Nearly  5  times  normal 

July-Dec.  --Much  below 


Began  decline  in  late  March; 
zero  by  late  May;  recharge 
at  4-inch  depth  only,    end  of 
June  and  slightly  first  week 
of  August;  rapid  decline  to 
zero  in  each  case 


Annual:    Highest  in  4-year 
period,    1955-58 
Jan.  --Nearly  4  tinnes  normal 
Feb.  -Apr.  --Below  to  much  below 
May-June--3  to  4  times  nornnal 
July-Sept.  --Below  to  much  below 
Oct.  -Nov.  --Above  normal 


Began  decline  in  late  April; 
low  or  zero  by  July  1;  no 
recorded  recharge  until 
late  October -early  November 


Next  to  thickest; 
0.  58  mm. 

69  percent  of  growth 
layer  completed  by 
July  14 


1958        Jan.  -Feb.  --Much  above  normal 
Mar.  -Apr.  --Below 
May -Aug.  --Above 
Sept.  --Normal 


Annual:    Next  to  highest  in 

4-year  period,    1955-58 

Jan.  --Much  below  normal 

Feb.  -Mar.  --Much  above 

Apr.  -May--Below 

June --Above 

July- -Much  below 

Aug_.  -Se£^t._--Above  to  much  above 


At  or  near  zero  in  mid-June; 
possibly  some  recharge  to 
8 -inch  depth  late  August  and 
certainly  early  September; 
greater  recharge  to   12-inch 
depth  late  September 


Thickest; 

0.  63  mm. 

39  percent  of  growth 

layer  completed  by 

July  18 


1955        Jan.  -Feb.  --Below  to  much  below 
Mar.  --Slightly  above 
Apr.  -July--Below 
Aug.  -Sept.  --Above 


Annual:     Next  to  least  in 

4-year  period,    1955-58 

Jan.  --Above  nornnal 

Feb.  -May--Below  to  much  below 

June-Aug.  --Above 

June--More  than  5  times  normal 

Sept.  -Oct.  --Much  below 


Became  abundant  in  mid- 
June  to   12-inch  depth,    and 
remained  so  until  late 
August  if  plaster  blocks 
had  reached  equilibrium 


Because  temperature  records 
Flagstaff  Airport  are  combined 


are  not  kept  at  Walnut  Canyon  and  because  precipitation  records  were  begun  in  late  1950,   records  from 
here  with  Walnut  Canyon  information  on  tree  growth. 
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1956  was  the  lowest  of  the  4  years,  whereas 
that  of  1957  was  the  highest.  The  year  1958 
does  not  give  a  very  clear  picture.  It  may 
have  been  that  some  plaster  blocks  had  be- 
come weakened.  Fall-winter  precipitation  was 
high;  soil  moisture  penetrated  more  deeply 
but  decreased  earlier  than  in  1957  and  then 
was  replenished  early  in  August. 


7.  Diameter  growth  at  Walnut  Canyon  was 
commonly  more  advanced  than  at  Fort 
Valley  at  any  particular  time  during  the 
growing  season. 

8.  Temperatures  within  the  growing  season 
did  not  appear  to  have  had  a  direct  and 
major  effect  upon  amount  of  tree  growth. 


In  summary,  temperature  variations  did 
not  appear  to  have  a  direct  influence  on  thick- 
ness of  growth  layers.  Information  from  the  4 
years  of  record  suggests  that  the  thickness  of 
a  growth  layer  increased  the  longer  soil 
moisture  remained  in  good  supply  going  into 
the  early  summer  and/ or  the  sooner  the 
supply    was    replenished  during  the  summer. 


9.  Of  the  precipitation  periods  examined, 
July-August  rainfall  seemed  to  have  con- 
siderable influence  on  diameter  growth. 

10.  Thickness  of  growth  layers  apparently 
increased  the  longer  soil  moisture  re- 
mained in  good  supply  going  into  the  early 
summer  and/or  the  sooner  the  supply  was 
replenished  during  the  summer. 


SUMMARY 

Interpretations,  with  only  4  years  of  read- 
ings, are  only  indicative.  The  following  points 
may  be  mentioned: 

1.  Available  soil  moisture  fluctuated  widely 
in  the  root  zone;  it  commonly  showed  more 
than  one  cycle  a  year,  especially  at  the 
lower  forest  border. 

2.  The  records  suggest  that  soil-moisture 
fluctuations  were  greater  and  occurred 
more  rapidly  in  a  dry  year  and  at  the  drier 
of  the  two  stations. 

3.  Infiltration  and  percolation  occurred  in  a 
matter  of  hours  and  days  rather  than  of 
weeks  and  months. 

4.  Without  constant  and,  in  summer,  abundant 
replenishment,  soil  moisture  was  removed 
from  the  root  zone  rather  rapidly. 

5.  The  soil- moisture  regime  showed  a  de- 
cided diversity  from  year  to  year,  and  a 
lack  of  coincidence  in  details  between  the 
two  stations — one  in  the  forest  interior, 
and  the  other  at  the  lower  border  of  the 
ponderosa  pine  zone. 

6.  The  data  and  graphs  apparently  testify  to 
continuous  physiological  activity  that  re- 
moved soil  moisture  throughout  the  year-- 
growth  part  of  the  time,  transpiration  and 
evaporation  all  the  time. 


In  general,  the  study  emphasized  the  de- 
sirability of  obtaining  continuous  soil- mois- 
ture records  for  a  more  extended  period,  with 
associated  constant  check  of  tree  growth. 
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able   3.  --Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos  soil-moisture  meters,    and  precipitation  recorded 

at  each  station,    1955-58 
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Table  3.  --Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos  soil-moisture  meters,    and  precipitation  recorded 

at  each  station,    1955-58  (continued) 
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-Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos  soil- moisture  meters,     and  precipitation  recorded 
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77   73   65   74    72   73   61    6 

76  73   64   74    72   72   60   7 


76   70   64   73    72   72    58   6 


9 

10 
10 


2 
3 
19 
22 
23 
24 
25 
26 


.22 
.19 

T 
.17 
.27 
.11 
.06 

T 


.29 


11 

82 

85 

85 

85 

85 

72 

55 

18 

75 

81 

85 

85 

85 

68 

55 

23 

62 

70 

80 

80 

82 

65 

55 

28 

56 

60 

71 

78 

80 

60 

52 

22 


13 


20 


27 


78   73   65   74    72   73   54   5 


78   74   64   74    73   73   51    4 


79  73   63  74   72  73 


78   74   63   74    73   73 


47 


0    11 


7 
11 
12 
13 
15 
15 
17 
18 
19 
20 
21 
22 
23 
24 


.27 
.29 
.38 
.04 
.11 
.16 

T 

T 

T 

.45 
.10 
.14 
.05 
.13 


5 
10 


21 
31 


42   48 
27   35 


56   72 
45   67 


76   56   52 
75   52    52 


55   35    32   55   64   46   49 
62   36    25   46   60  41    47 


6 
7 
10 
11 
12 
13 
14 
19 
21 
23 


.10 
.26 
.03 
.45 
.37 
.02 
.26 
.25 
.14 
.14 


11 
17 

24 


81  77  63  75 

81  78  62  72 

85  82  66  75 

85  82  60  71 


75   75 


40 


74  73    34   3 
79   78    31   6 

75  6    26   5 


11 
13 
13 


5 

6 

10 

11 

26 


T 

.02 
.36 
.85 
.11 


12 

24 


29   15    12   36    50   32   45 
17   12    9   23   41   26    38 


10 
11 


1.00 
.10 


19 
22 


72  74   56  62 


44  53   42  52 


69 


61 


21 


18  27   26  29   41   7   13   6 

14  26   26  20   31   7   12   5 

15  27   19  15   20   7   12   5 


13 


14 


13 


13 


13 


5 

6 

7 

9 

10 

14 

16 

17 

18 

19 

20 

24 

25 


T 

.02 
.03 
.02 

T 

.48 
.02 
.20 
.57 
.11 
.36 
.11 
.04 


10 
16 
19 
23 

30 


4  15 
T  11 


32   21 
22   17 


T  10    19   17 


13 
12 

11 


33 

28 

28 
22 
20 
17 

15 


9 
10 
17 
19 

26 
27 


T 

.20 
.35 
.02 
.15 
.18 

.25 

.10 


-  31 


Table  3.  --Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos  soil-moisture  meters,    and  precipitation  recorded 

at  each  station,    1955-58  (continued) 


FORT  VALLEY 


WALNUT  CANYON 


A 

vailable 

soil 

moisture 

Precipitation 

Availabl 

e  soil  nnoistu 

re 

Prec 

ipitation 

Dentil  of  mptp-r. 

D 

epth 

of  meter 

Date 

Date 

Amount 

Date 

Date 

4 

8 

12 

18 

24 

36 

48 

60 

70 

84 

96 
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8 

12 

18 

24 

36 

42 

Amount 

1957 

•* 

-  -  - 

"  " 

~  ~ 

-  -  Percent  - 

-   -   - 

-   - 

-  - 

-  - 

Inches 

- 

■   -  - 

-    P 

ercent     - 

Inches 

July       26 

14 

21 

13 

12 

14 

6 

11 

4 

2 

5 

13 

26 

.37 

(cont'd) 

27 
28 

.31 
.05 

29 

16 

19 

13 

11 

13 

5 

10 

5 

2 

5 

15 

29 

.16 

Aug. 

3 
4 

.42 
.03 

4 
5 

.43 
.18 

5 

13 

0 

42 

8 

9 

5 

7 

4 

2 

5 

13 

5 

6 

11 

.30                   6 
.45                   8 
.10                 13 

0 
1 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

4 
4 

T 

5 
5 

5 

14 
13 
12 

6 
10 

.06 
.05 

13 

15 

17 

27 

5 

6 

4 

5 

4 

T 

5 

14 

13 
14 
19 

.02 
T                   20 

T 

0 

0 

0 

0 

0 

3 

12 

15 
24 
25 

.21 
.64 
.03 

20 

8 

10 

5 

3 

4 

2 

4 

2 

T 

4 

11 

20 
25 
26 

.09 

.45                 27 

.16 

0 

0 

0 

0 

T 

3 

11 

26 
27 
29 

.26 
.03 
.05 

27 

17 

0 

3 

1 

1 

1 

4 

3 

T 

4 

14 

27 
29 
30 
31 

.22 
.07 
.0? 
.02 

30 

.21 

Sept.       5 

7 

0 

T 

0 

0 

0 

T 

T 

0 

2 

14 

4 
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0 

0 

0 

3 

12 

11 

T 

0 

0 

0 

0 

T 

T 

T 

T 

4 

14 

10 

T                      9 

0 

0 

0 

0 

0 

4 

7 

17 

0 

0 

0 

T 

T 

T 

2 

2 

T 

4 

15 

16 

0 

0 

0 

0 

T 

5 

7 

23 

0 

0 

0 

0 

0 

T 

2 

T 

T 

3 

15 

23 
30 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

5 
3 

6 

5 

Oct.         2 

0 

0 

0 

0 

0 

T 

T 

T 

T 

3 

13 

11 

.55                    7 

0 

0 

0 

0 

0 

T 

3 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T 

11 

12 
13 

.57 
.71 

11 
12 

.27 
1.23 

14 

76 

33 

59 

81 

0 

0 

0 

0 

0 

0 

9 

14 
15 

.12                  14 
.03                 16 

0 
7 

0 
0 

0 
0 

0 
0 

0 
0 

3 

3 

9 
11 

16 

76 

37 

58 

80 

0 

0 

0 

0 

0 

T 

10 

16 
17 
20 

.03                  18 
T 
.19 

14 

0 

0 

0 

0 

3 

13 

19 
20 

.24 
.20 

21 

70 

38 

56 

70 

0 

0 

0 

0 

0 

0 

8 

21 
22 

.22                 21 
.65                 25 

18 
29 

0 
0 

0 
0 

0 

0 

0 
0 

3 

4 

14 
14 

21 

.22 

28 

81 

46 

77 

66 

0 

0 

0 

0 

0 

T 

7 

28 
29 

T 
.29                 29 

36 

0 

0 

0 

0 

4 

14 

28 
29 

.29 
.03 

31 

83 

0 

80 

64 

0 

0 

0 

0 

0 

0 

9 

31 

.60 

31 

1.10 

Nov. 

1 
2 
3 

.39                    1 
.13 
1.26 

53 

0 

0 

0 

0 

4 

14 

1 
2 
3 

.21 
.28 
.94 

4 

83 

53 

81 

79 

81 

0 

0 

0 

0 

0 

8 

4 

5 

6 

7 

12 

15 

16 

17 

22 

.80                   4 

T 
.38                    7 
.08                 15 
.03 

T                   20 
.52 
.22 

T 

80 

76 
79 

76 

80 

82 
84 

83 

80 

81 
83 

83 

0 

0 
84 

85 

0 

0 
33 

81 

3 

4 
6 

5 

14 

15 
15 

16 

4 
6 

16 

.28 
.19 

.30 

Dec.        3 

80 

0 

77 

79 

79 

8 

0 

0 

0 

0 

9 

5 
6 
16 
17 
18 
19 

.12                    3 
.30 

.36                 10 
T 

.04 
.03                 24 

74 
75 

74 

82 

82 

82 

83 

84 

83 

86 

85 

84 

83 
84 

83 

4 

8 

17 

15 
16 

16 

5 

15 
18 

.15 

.08 
.10 

1958 

Jan. 

3 

4 

5 
11 

T 
.03                 17 
T 
T 

72 

80 

80 

82 

81 

20 

16 

3 

27 

.13 
.15 

14 

76 

71 

75 

75 

75 

7 

T 

T 

2 

3 

10 

14 
19 
20 
22 
25 

T 

T 

T 

.03 
.04 

27 

.32 

32 


'able  3.  --Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos   soil-moisture  meters,    and  precipitation  recorded 

at  each  station,    1955-58  (continued) 


FORT  VALLEY 


WALNUT  CANYON 


Available  soil  moisture 

Precipitation 

Available  soil  moisture 

Precipitation 

Depth  of  meter,    in  inches 

Date 

Depth  of  meter,    in  inches 

Date 

Date 

Amount 

Date 

4        8      12       18      24      36      48      60      70      84      96 

4         8       12       18      24      36       42 

Amount 

958 
an.  (cont'd) 


Percent 


Percent 


Inches 


5 
6 
9 
10 
13 
14 
21 
23 
24 
26 
27 


.53 
1.00 

T 

T 
.05 

T 

.13 
.09 

T 
.10 
.73 

T 


3 

.12 

4 

1.12 

5 

.02 

9 

.01 

13 

.05 

20 

.06 

23 

.13 

25 

.56 

26 

.06 

2 

3 

4 

5 

6 

7 

9 

11 

12 

13 

14 

16 

17 

18 

21 

22 

23 

24 

25 

28 

29 


28    74   70   54   71    72   10   68   69    70   73    76 


5    81   76    79   78   76    7    74   81    75   79   83 
21    75   72   68   75    74   10    70   70    70   74    77 


June   12    48  43   40  65    73   13   68   70    70   75    79 
26    15   14    10  44   62   10   62   65    70   76    80 


July   14    10   5    6   12    15   10   45   55   63   74   80 


3 
U 
12 
21 
31 


16 
22 
23 
30 


18 
23 
24 
25 
26 
27 
28 
29 
30 
31 


5   2    2    3    5   6    18   28   43   72    77 


T 

T 
.18 

T 

.04 
.68 
.30 

T 

.21 
.15 
.12 
.32 
.56 
.04 

T 
.?5 
.33 

T 

T 

.34 
.08 


.68 
T 
.54 
.30 

T 
.08 

T 
.13 


.25 
.11 
.33 
.10 
.06 


T 
.38 

T 
T 


T 

T 
.58 

T 

.08 
.06 
.03 

T 

.15 
.02 


T 

.22 
.06 


3 

.26 

4 

.05 

6 

.10 

7 

.28 

9 

-.20 

11 

.    .05 

12 

.02 

13 

.16 

16 

.17 

17 

.22 

22 

.88 

28 

.29 

17     0   0    0   0   24   20   58 
23     0   0    0   0    12   12    50 


7 
17 


2 
11 
30 


.44 
.10 
.66 
.14 
T 
.10 


.03 
.43 
T 


.20 


6 

.04 

23 

.17 

24 

.03 

25 

.01 

26 

.09 

29 

.26 

30 

.10 

2 

.03 

3 

.17 

4 

.07 

33 


Table  3.  --Percentage  of  available  soil  moisture  from  readings  of  the  Bouyoucos  soil-moisture  meters,    and  precipitation  recorded 

at   each  station,    1955-58  (continued) 
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18 


25 


FORT  VALLEY 


W ALN  UT  CANYON 


Available  soil  moisture 

Precipitation 

Available  soil  moisture 

Precipitation 

Depth  of  meter,   in  inches 

Date 

Depth  of  meter,   in  inches 

Date 

Date 

Amount 

Date 

4        8      12       18      24      36      48      60      70 

84 

96 

4        8      12      18      24      36      42 

Amount 

Percent 

-   - 

.  - 

Inches 

Percent 

Inches 

15   14   56  67    10   8    14   21    37   66    76 


17   18   42   58    8   8    12   17    31   63   72 


24  27   56  69 


12   16    27   62    75 


5 
6 

7 
10 
11 
13 
14 
15 
17 
18 
19 
20 
21 
22 
23 
24 
28 
29 
30 


.11 
.54 
.31 
.49 
.16 
.07 
.01 
.02 
.75 
.02 
.01 
.06 
.35 
.04 

T 

.70 
.16 

T 
.01 


0   0 


12 


5 

.40 

6 

.03 

.16 

.27 

.04 

1.56 

.09 

.55 

.05 

27 

.11 

29 

.02 

Sept. 


15 
22 


29 


30   32   48  67    9    7    11   15    24   62    73 


31   34   55  67   66   6   10  14   21  56   64 


65   62    55   64   63   12    37   14    20   54   61 
72   74   65   74    74   12    48   15    20   58    71 


72  77   64  69   70  50   44   16   20  54 


71 


1 
3 

4 

5 

7 

8 

9 

10 

12 

13 

23 

24 

25 

27 

28 

29 


T 
T 

1.73 
.32 
.04 

1.15 
T 

1.38 
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.69 
.65 
.28 
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.48 


23 


29 


56   28 


70   56 
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0   10    12 


82   89   85    0 


15 


1 

2 

3 

4 

7 

8 

11 

12 

13 

14 

23 

24 

26 

27 

28 

29 
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.47 
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13 

21 
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63 


6 
12 
13 
24 
25 
26 
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T 
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T 
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5 

10 
23 
24 
25 
29 
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16 
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T 
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13 
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4 

4 

16 
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New   Products   from    Low-Grode   Ponderosa   Pine  Timber 


by 
Roland  L.  Barger  and   Herbert  O,   Fleischer 


THE  STUDY  IN  BRIEF 

Low- quality  ponderosa  pine  sawtimber 
poses  severe  economic  problems  for  wood- 
product  industries  of  the  Southwest.  Much  of 
the  material  currently  available  is  unsuited  to 
the  production  of  salable  grades  of  lumber, 
historically  the  major  product  manufactured. 
Efficient  utilization  of  the  resource  requires 
that  this  material  be  diverted  to  more  suitable 
uses.  A  declining  lumber  market  has  further 
emphasized  the  need  for  product  diversifica- 
tion in  the  region. 


nomic  evaluations  of  investment  and  produc- 
tion costs  and  of  marketing  opportunities. 
Some  work  in  developing  supplementary  eco- 
nomic information  is  to  be  started  in  the  near 
future.  It  should  be  recognized,  however,  that 
many  economic  considerations  are  peculiar  to 
a  particular  firm  or  area,  and  not  common  to 
the  industry  as  a  whole.  Consequently,  a  firm 
can  perhaps  benefit  most  from  its  own  analy- 
sis of  economic  feasibility. 


THE  SOUTHWESTERN    TIMBER    RESOURCE 


An  intensive  program  of  product  research 
and  development  was  proposed  after  a  field 
survey  and  analysis  of  the  problem  in  1961. 
The  program  placed  primary  emphasis  upon 
developing  profitable  uses  for  low-grade  pon- 
derosa pine  timber.  Products  specifically 
suggested  for  evaluation  included  underlay- 
ment  plywood,  glue- laminated  beams,  overlaid 
siding,  flooring,  and  particle  board. 

Product  design,  development,  and  evalua- 
tion studies  were  initiated  at  the  Forest  Prod- 
ucts Laboratory  in  1962,  and  were  essentially 
completed  in  1963.  The  research  program  has 
developed  an  array  of  light- construction  prod- 
ucts that  can  feasibly  be  produced  from  low- 
grade  ponderosa  pine  timber.  These  products 
can  be  used  individually  in  conventional  con- 
struction, or  can  be  combined  as  the  integral 
components  of  a  coordinated  component  build- 
ing system. 

This  study  deals  specifically  and  in  detail 
with  the  technical  aspects  of  production- -not 
with  economic  aspects.  Technical  feasibility 
alone  is  often  not  an  adequate  criterion  for 
decision.  It  must  be  supplemented  with  eco- 


Ponderosa  pine  is  an  important  commer- 
cial timber  species  in  many  western  states.  It 
is  the  major  commercial  species  in  the  South- 
western region.  Arizona  and  New  Mexico  con- 
tain almost  10  million  acres  of  commercial 
forest  land,  supporting  approximately  60  bil- 
lion board  feet  of  sawtimber  (fig.  1).  Ponder- 
osa pine  accounts  for  more  than  two-thirds  of 
this  volume  (table  1). 

Much  of  the  ponderosa  pine  timber  in  the 
Southwest  is  in  cutover  stands,  often  exists 
under  marginal  growth  conditions,  and  is  of 
low  quality  for  many  conventional  uses.  Saw- 
timber currently  available  in  the  region  char- 
acteristically includes  high  proportions  of 
grade  5  and  lower  quality  logs  (fig.  2).  A  sum- 
mary of  cruise  data  from  five  recent  south- 
western timber  sales  indicates  that  over  80 
percent  of  the  logs  offered  for  sale  are  of 
grades  4,  5,  and  6  (table  2).  ^ 


^Grades  4,  5,  and  6  refer  to  those  of  the 
six-grade  ponderosa  pine  log  grading  system  de- 
veloped by  Paaifio  Northwest  Forest  and  Range 
Esrperiment  Station   (PNW) ,   Portland,   Oregon. 


Figure   1. --Typical  southwestern  ponderosa  pine 

sautimber     stand.  Note  heavy   limbing  charac- 

teristia     of     the  species.      Coconino  National 
Forest,  Arizona. 


Most  of  the  logs  included  in  the  "grade  4 
and  lower"  category  are  of  grades  5  and  6. 
Grade  4  logs  are  extremely  rare  in  south- 
western ponderosa  pine  forests  because  of  the 
gap  in  the  age  class  in  trees  that  commonly 
yield  grade  4  logs.  When  present,  such  trees 
are  generally  reserved  for  future  cutting. 

For  most  conventional  products,  knots  are 
the  primary  limiting  defect  in  southwestern 
ponderosa  pine.  Ponderosa  pine  tends  to  be 
somewhat  open- grown  and  does  not  prune  well 
naturally;  consequently,  most  stems  have  nu- 
merous large,  live  limbs.  The  resulting  log 
knots  are  generally  firmly  intergrown  and  do 
not  loosen  in  the  production  of  lumber.  Most 
of  these  knots  have  large  areas  of  short  grain 
or  irregular  end  grain  associated  with  them, 
however,  which  potentially  affect  the  strength 
of  the  entire  piece.  Dead,  encased,  and  infirm 
knots  are  relatively  rare  in  ponderosa  pine, 
and  are  quite  small  when  they  do  occur. 


Table  1,  --Volume  of  commercial    sawtimber 
in  the  southwestern  region 


Species 


State 


Arizona 


New 
Mexico 


Total 


MM  board  feet 


Ponderosa  pine  23,751 

Douglas -fir  2,130 

True  firs  1 ,  203 

Engelmann  spruce  778 

Other  softwoods  2  36 


18 

177 

41 

928 

4 

883 

7 

013 

2 

603 

3 

806 

3 

495 

4 

273 

714 

950 

28,098         29,872 


57,970 


Hardwoods 
Total 


189  1,870  2,059 


28,287         31,742         60,029 


Other  common  defects  that  can  affect 
product  potential  to  a  lesser  degree  are  lean 
(compression  wood)  and  heart  rot  (Polyporus 
anceps  Pk.).  Leaning  stems  are  common  in 
southwestern  ponderosa  pine.  It  has  been 
estimated  that  as  much  as  15  percent  of  the 
standing  timber  in  some  areas  leans  5  de- 
grees or  more.  Lean  of  5  degrees  is  generally 
considered  sufficient  to  develop  objectionable 
compression  wood. 

Heart  rot  is  most  prevalent  in  old- growth 
timber,  although  it  also  occurs  frequently  in 
young  stands.  It  is  one  of  the  major  sources 
of  scale  deduction  and  product  degrade. 

The  utilization  of  this  low-quality  timber 
creates  technological  and  economic  problems 
for  a  regional  industry  historically  geared  to 
single-product,  lumber  operations.  Much  of 
the  saw-log  material  currently  available  is 
unsuited  to  profitable  production  of  lumber. 
Lumber  grade  recovery  from  ponderosa  pine 
in  this  region  commonly  includes  as  much  as 
40  percent  grade  4  and  5  common  lumber. 
These  grades  have  never  been  more  than 
marginal  products,  a  situation  aggravated  by 
a  depressed  and  declining  lumber  market. 
Since  these  grades  of  lumber  make  up  an 
important  part  of  total  output,  the  economic 
impact  upon  industry  is  severe. 


Figure  2. — Typical  grade  5 
(upper)  and  grade  6  (tower) 
ponderosa  pine  saulogs. 


Table  2.  --Log  grade  distribution  in  five  south- 
western region  timber  sales 


National  Forest 

Log 

stanc 

table 

,    grade 

Total 

and  unit 

1 

2 

3 

4   and 
lower 

N 

umbe 

r  of  Ic 

)gs  crui 

sed 

Apache: 

Buckalou 

49 

94 

130 

723 

996 

Sitgreaves: 

Wiggins 

5 

20 

81 

503 

609 

Coconino: 

Harding  Point 

19 

13 

89 

715 

836 

Santa  Fe: 

Coyote 

20 

34 

142 

624 

820 

Apache: 

Black  River 

68 

127 

291 

2,467 

2,953 

Total 

161 

288 

733 

5,032 

6,214 

-  - 

-  - 

Perce 

nt 

- 

Distribution 

2.6 

4.6 

11.8 

81.0 

100.0 

A  PRELIMINARY  SURVEY 

In  1961,  a  team  of  Forest  Service  research 
personnel  and  regional  industry  representa- 
tives conducted  a  field  survey  and  analysis  of 
the  problem.  The  v:urvey  verified  the  predom- 
inance of  low-grade  saw  logs  and  lumber,  and 
provided  a  basis  for  developing  an  applied 
research  program. 


Two   factors    were    found  to  contribute  to 
the  overall  utilization  problem: 

1.  The  quality  of  the  timber  common  to  the 
Southwest  yields  high  proportions  of  the 
lower  common  grades  of  lumber.  Much  of 
this  lumber  will  not  return  a  profit. 

2.  Lumber,  regardless  of  grade,  is  becoming 
a  less  profitable  product.  This  is  especial- 
ly true  for  sheathing,  subflooring,  forming, 
and  similar  construction  uses,  upon  which 
the  lower  common  grades  of  lumber  de- 
pend. Plywood  and  nonwood  sheet  materi- 
als have  seriously  encroached  upon  these 
former  lumber  markets. 

Any  program  proposed  to  develop  new 
products  and  alleviate  current  utilization 
problems  must  therefore  concentrate  upon 
products  competitive  with  existing  building 
products  such  as  plywood,  particle  board,  and 
laminated  members.  The  program  must  also 
concentrate  upon  products  which  can  either 
circumvent  or  tolerate  the  range  of  defects 
common  to  the  timber  involved.  For  south- 
western ponderosa  pine,  the  primary  defect 
affecting  product  potential  is  the  presence  of 
numerous  knots. 

Housing  and  building  construction  provides 
the  greatest  potential  market  for  wood  prod- 
ucts. Modifications  are  needed  to  create  prod- 
ucts  that  can  compete  effectively  with  other 
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types  of  building  materials.  A  major  inherent 
disadvantage  of  wood  in  lumber  form  is  the 
excessive  labor  cost  of  application  and,  there- 
fore, high  installed  cost.  Panel  products, 
combined-function  products,  and  semifinished 
products  can  all  decrease  installed  or  finished 
costs. 

The  current  trend  in  the  light-construction 
industry  is  toward  component  construction  and 
coordinated  component  building  systems.  Con- 
sequently, it  is  desirable  to  consider  not  only 
individual  products,  but  a  coordinated  group 
of  new  or  modified  products- -sheathing,  sid- 
ing, flooring,  laminated  members- -that  would 
fit  into  a  component  building  system.  Thus  an 
extensive  product  research  and  development 
program  was  initiated.  The  research  program 
included  the  development,  demonstration,  and 
evaluation  of  new  or  modified  products  from 
both  low-grade  lumber  and  low-grade  timber. 
Products  from  low-grade  lumber  included 
overlaid  siding,  laminated  products,  and  floor- 
ing. These  products  can  utilize  extremely 
knotty  material  in  standard  lumber  sizes, 
through  selective  cutting,  masking,  and  pre- 
assembly  methods.  The  program  also  included 
veneer  and  plywood  and  particle  board  prod- 
ucts, each  capable  of  utilizing  low- quality 
timber  in  forms  other  than  standard  lumber. 


TEST  MATERIALS 

Test  materials  for  the  study  were  selected 
by  industry  and  research  personnel  at  saw- 
mills in  Arizona  and  New  Mexico,  and  shipped 
to  the  Forest  Products  Laboratory.  The  ma- 
terials were  selected  from  the  lower  or 
"problem"  grades  of  logs  and  lumber  (fig.  3). 
The  test  lumber  used  was  all  of  grades  3,  4, 
and  5  common,  and  all  logs  for  veneer  were 
of  grade  5.  In  addition,  a  grade  6  log  and  low- 
quality  slabs  were  included  as  chipping  ma- 
terial for  particle  board.  An  itemized  de- 
scription of  all  ponderosa  pine  test  materials 
used    is    presented    in    appendix    A,    page  51. 


PRODUCT  DEVELOPMENT, 
DEMONSTRATION,  AND  EVALUATION 

Product  research  included  designing  spe- 
cific construction  products  peculiarly  suited 
to  the  low-quality  wood  resource,  manufactur- 
ing these  products  on  a  prototype  basis,  and 
subjecting  them  to  standard  and  improvised 
evaluation  tests.  This  section  of  the  report 
covers  the  rationale  behind  product  design, 
production  and  testing  procedures,  and  ap- 
parent technical  feasibility  for  each  of  the 
specific  products  under  study. 


The  products  considered  offered  greatest 
apparent  promise  for  low-grade  timber  utili- 
zation, and  required  minimal  changes  in 
existing  mill  facilities.  The  products  also 
offer  potential  as  a  combined  group  that 
could  form  a  coordinated  component  building 
system. 


Veneer  and  Plywood 

Plywood  manufactured  for  specific  uses 
which  will  tolerate  defects  common  to  low- 
grade  ponderosa  pine  offers  considerable  util- 
ization  potential.   Primary  consideration  has 


Figure  3, — A  group  of  grade  5  and 
6  ponderosa  pine  logs  provided 
as  test  material. 


been  directed  toward  underlayment  plywood. 
Standard  sheathing  and  subflooring  products 
have  not  received  active  consideration  for 
several  reasons: 

1.  Commercial  Standard  specifications  for 
any  type  of  plywood  will  be  difficult  to 
meet  when  only  low  grades  of  logs  are 
utilized.  The  underlayment  market  offers 
promise  for  a  specialized  product  that 
need  not  conform  to  Commercial  Stand- 
ards. 

2.  Industry  has  indicated  interest  in  produc- 
ing a  4-  by  4-foot  panel,  a  size  preferable 
from  the  standpoint  of  better  utilization  of 
low-grade  material.  This  size  is  not  ob- 
jectionable in  underlayment,  and  may  offer 
some  advantages,  but  may  not  be  well  ac- 
cepted   as  standard  construction  plywood. 

3.  Competition  in  the  general  softwood  con- 
struction plywood  market  is  formidable.  If 
such  a  product  could  be  made,  entry  into 
the  market  might  prove  extremely  difficult. 

Underlayment  plywood  is  conventionally 
used  between  subflooring  and  finish  flooring 
of  various  tiles,  carpeting,  or  other  resilient 
flooring  to  provide  a  smooth,  relatively  joint- 
free  base  (fig.  4),  As  such,  it  does  not  require 


the  strength  or  nail-holding  properties  of 
sheathing  or  subflooring.  If  large  knots  can  be 
bonded  well  enough  to  prevent  delamination 
in  use,  practically  any  size  knot  could  be 
included  in  unaerlayment  panels.. 

U.  S.  Commercial  Standard  CS  122-60*  re- 
quires that  interior  underlayment  plywood  be 
constructed  with  a  C-repaired  face  veneer  and 
C  second  ply,  and  allows  remaining  veneers 
to  be  of  D  grade.  This  means  that  the  second 
ply  (grade  C)  can  have  open  defects  up  to  1 
inch  in  diameter,  and  all  remaining  veneers 
can  have  open  defects  up  to  2-1/2  inches  in 
diameter.  A  specialized  underlayment  plywood 
with  no  appreciable  open  defects  in  the  upper 
three  or  four  plies  may  therefore  offer  a  dis- 
tinct improvement  over  standard  underlay- 
ment. 

The  product  developed  does  not  conform  to 
Commercial  Standard  veneer  grade  specifica- 
tions. In  the  test  plywood,  sound  knots  of  any 
size  were  allowed  in  all  veneers.  Open  defects 
were  not  allowed  in  any  except  the  back,  how- 
ever, so  the  product  had  four  sound  plies. 


*  U.  S.  Department  of  Commerae.  U.  5.  aom- 
meraial  standard  CS  122-60  for  western  softwood 
plywood.  Ed.  4,  22  pp.,  illus.  Effective  Dec. 
32,    1960;  revised  April   IS,    1963. 


STRIP  FINISH  FLOORING 


TILE,  LINOLEUM,  ETC. 


FLOOR  FRAMING 


Figure  4. — Underlayment  plywood 
acts  as  a  filler  between  sub- 
flooring  and  finished  flooring. 


6  - 


Veneer  production 

Two  thicknesses  of  veneer  were  desired: 
one  suitable  for  five-ply  touch-sanded  under- 
layment  panels  5/8  inch  thick,  and  one  suit- 
able for  lumber- core  laminated  flooring 
panels.  For  the  underlayment  plywood,  drying 
shrinkage,  hot-press  compression,  and  touch 
sanding  were  estimated  to  require  a  combined 
allowance  of  0,090  inch.  This  allowance,  plus 
desired  finished  panel  thickness  of  0.625  inch, 
required  a  green  veneer  thickness  of  1/7  inch 
(0,143). 

The  lumber- core  laminated  flooring  pan- 
els, discussed  at  length  later  in  the  report, 
were  designed  to  require  back  and  face  ve- 
neers approximately  1/4  inch  thick  (0.235 
inch  minimum  for  a  panel  thickness  of  1-1/4 
inches).  It  was  anticipated  that  the  thicker 
veneer  would  cut  less  smoothly,  and  would 
require  greater  sanding  allowance  to  provide 
a  suitable  finished  surface.  A  minimum  allow- 
ance of  0.050  inch  in  veneer  thickness  was 
estimated  for  drying  shrinkage,  cold-press 
compression,  and  sanding.  Accordingly,  all 
veneer  cut  for  use  in  lumber-core  panels  was 
cut  3/10  inch  thick  (0.250  +  0.050). 

Four  grade  5  saw  logs  were  provided  for 
conversion  into  veneer  (see  fig.  3).  Eight  52- 
inch  test  bolts  were  cut  from  the  four  10-foot 
logs,  one  bolt  from  each  log  designated  for 
1/7-inch  veneer,  the  other  for  3/10-inch 
veneer.  The  test  bolts  are  described  in 
appendix  A,  table  18. 

Figure  5. — Veneer  is  cut  from  a  4- foot  peeler 
bolt  on  a  rotary  veneer  lathe. 


The  four  bolts  designated  for  1/7-inch 
veneer  were  heated  under  water  at  140°  F.  for 
60  hours  or  more.  The  bolts  designated  for 
3/10-inch  veneer  were  heated  for  a  similar 
period  of  time  at  160°  F,  Prior  veneering 
tests  had  indicated  that  the  higher  tempera- 
ture was  desirable  for  cutting  thick  veneer, 
although  it  may  induce  end  splitting  in  the 
bolts.  All  bolts  heated  at  160°  F,  developed 
heartwood  splits  during  heating;  the  splits 
were  confined  to  the  core  portion  of  the  bolts, 
however,  and  did  not  affect  recovery. 

The  heated  test  bolts  were  debarked,  in- 
spected again  for  noticeable  defect,  and  con- 
verted to  veneer  on  a  4-foot  rotary  veneer 
lathe  (fig.  5). 

Lathe  knife  and  pressure  bar  settings  used 
in  cutting  the  veneer  (fig.  6)  are  shown  in 
table  3. 

Some  preliminary  veneer  runs  were  made 
with  horizontal  pressure  bar  openings  of  0.128 
for  1/7-inch  veneer  and  0.285  for  3/10-inch 
veneer.  These  settings  appeared  to  exert 
more  pressure  against  the  bolt  than  neces- 
sary. Less  shelling  was  experienced  by  al- 
lowing 0.005  inch  greater  horizontal  clearance 
(0.133  and  0.290,  respectively). 

All  veneer  cut  smoothly  with  the  exception 
of  bolts  3-1  and  3-2,  which  contained  wide 
bands  of  compression  wood.  The  compression 
wood  caused  a  comparatively  rough  cut,  and 
caused  some  shelling  in  the  3/10-inch  veneer, 
but  did  not  result  in  the  loss  of  any  veneer. 

All  test  bolts  except  one  were  cut  without 
difficulty  with  6- inch  chucks  through  the  en- 
tire cutting  process.  Bolt  5-2,  the  largest 
bolt  from  which  3/10-inch  veneer  was  cut, 
required  8-inch  chucks. 

The  green  veneer  was  clipped  to  remove 
roundup,  wane,  and  other  inadmissible  de- 
fects, and  was  clipped  to  rough  panel  widths 
where  possible.  The  green  veneer  was  meas- 
ured for  total  green  recovery,  but  was  not 
graded.  The  veneer  was  dried  in  a  conven- 
tional steam-heated  continuous  roller  dryer. 
The  average  time  and  temperature  required 
to  adequately  dry  heartwood  and  sapwood 
veneer  of  both  thicknesses  is  indicated  in 
table  4. 
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Table  3.  --Veneer  lathe  adjustment 


Desired  veneer  thickness 

Pressure  bar 

Bolt  number 

Knife  angle 

Green 

Finished 

Bevel 

Vertical 
opening 

Horizontal 
opening 

Inches 

Inches 

Degrees- 

minutes 

Inches 

Inches 

2-2,    3-1, 

4-1,    5-1 

0.  143 

0.  125 

89''50' 

15« 

0.028 

0.  133 

2-1,    3-2, 

4-2,    5-2 

.300 

,250 

89°40' 

15- 

.030 

.290 

The  1/7-inch  veneer  was  dried  without 
difficulty  (fig.  7).  Sheets  containing  bands  of 
compression  wood  buckled  only  slightly.  All 
intergrown  knots  remained  intact  in  the  dry 
veneer,  while  most  encased  knots  fell  out 
during  drying.  Since  there  were  relatively 
few  encased  knots,  a  high  recovery  of  solid 
veneer  was  obtained. 

The  first  run  of  3/10-inch  veneer  was 
dried  in  a  single  pass  through  the  dryer. 
Much    of    the    veneer   developed    severe    end 


splits,  which  progressed  into  the  sheet  as 
much  as  12  inches.  It  was  believed  that  the 
splitting  could  have  resulted  from  the  rather 
long  period  of  continuous  exposure  to  high 
temperature  and  excessively  rapid  drying 
from  the  ends  of  the  thick  veneer. 

In  an  attempt  to  prevent  or  minimize  end 
splitting,  the  second  i-un  of  3/10-inch  veneer 
was  dried  in  two  or  more  passes  through  the 
dryer  (table  4).  In  addition,  1-1/2  inch  kraft- 
type   tape   was   applied   to  both  ends  of  each 


HORIZONTAL  OPENING 

VERTICAL  OPENING 

BOLT 


CHUCK 
KNIFE  ANGLE 


Figure  6. — Diagrammatic  cross 
section  of  a  veneer  lathe, 
showing  position  of  pressure 
bar  and  knife,  and  associated 
settings. 


7  - 


~V.J» 


^' 


treated  was  successfully  dried  without  appre- 
ciable end  splitting  (fig.  8).  The  combination 
of  taping  and  multiple-pass  drying  was  ap- 
parently effective  in  preventing  splitting,  al- 
though the  relative  effectiveness  of  the  two 
treatments  is  not  known. 
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Figure   7. — Dry   1/7-inch  veneer  had  relatively 
few  open  defects. 


full-size  sheet,  on  the  tight  side  of  the  veneer. 
The  tape  performed  dual  functions  of  retard- 
ing end  drying  and  mechanically  restraining 
the     veneer    from     splitting.    The    veneer    so 


Table  4.  --Veneer  drying  time 


Type  of  veneer 
and  thickness 


Temper- 
ature 


Drying 
time 


Final 

moisture 

content 


Degrees, F 

Min. 

Percent 

1/7-inch: 

Sapwood                      310 

18 

-19 

2-    8 

Heart  and  sap          310 

18 

-19 

2-    6 

Heartwood                 310 

9 

1-    2 

3/10-inch,    single  pass: 

Sapwood                      310 

46 

4-10 

Heart  and  sap          310 

46 

3-    7 

Heartwood                  310 

27 

2-    6 

3/10-inch,   multiple  pass: 

Sapwood-- 

First  pass              310 

20. 

5 

-- 

Second  pass           310 

20. 

5 

4-30 

Third  pass              310 

3 

4-10 

Heart    and  sap-- 

(final) 

First  pass              310 

20. 

5 

-- 

Second  pass           310 

20. 

5 

3-    9 
(final) 

All  heartwood  contained  some  inner  sapwood, 
and  thus  required  an  intermediate  drying  time. 


All  dried  veneer  was  remeasured  and 
graded  twice,  by  the  two  following  grading 
systems: 

1.  Commercial  Standard  grades: 

(A)  Essentially  clear. 

(B)  Clear,  with  rough  grain. 

(C)  Knots,   1-1/2  inches;  knotholes,  1  inch 
maximum. 

(D)  Any  knot;  knotholes,  2-1/2  inches  max- 
imum. 

2.  Improvised  grades,  suited  to  the  segrega- 
tion of  sound  knots  from  open  defect: 

(a)  Clear  material. 

(b)  Sound  knots  up  to   1-1/2  inches  in  di- 
ameter. 

(c)  Sound   knots  over  1-1/2  inches  in  di- 
ameter. 

(d)  Open    defect,    patchable   with    conven- 
tional veneer  patches. 

(e)  Open  defect,  nonpatchable. 

The  minimum  width  considered  in  grading  by 
either  system  was  6  inches. 

Tables  5  and  6  show  total  veneer  recovery, 
manufacturing  losses,  and  dry  veneer  by  grade 
for  each  grading  system. 

The  Scribner  Decimal  C  log  rule  is  com- 
monly employed  to  measure  saw- log  volume 
in  the  Southwest.  It  is,  therefore,  of  some 
interest  to  compare  product  recovery  with  the 
Scribner  Decimal  C  scale  of  the  logs  and  bolts 
used  in  the  study.  Table  7  presents  log  and 
bolt  scale,  and  dry  veneer  recovery  after  final 
grading  and  inspection.  Veneer  recovery  is 
shown  in  square  feet,  in  board-foot  units  of 
144  cubic  inches,  and  in  terms  of  equivalent 
3/ 8- inch  plywood. 

In  computing  a  plywood- recovery  factor 
based  on  Scribner  log  scale,  it  should  be 
noted  that  the  trim  loss  shown  in  column 
three  would  not  ordinarily  be  incurred  in 
commercial    operation.    This   trim    loss    was 


Figure   8. 


--The  heavy   3/10-inch  veneer  dried  without  appreciable  end-splitting,    and  practically  all 
knots   remained  intact  in   the  dry   veneer. 


Table  5.  --Veneer  manufacturing  losses  and  total  recovery 


Bolt  number 


Veneer  thickness 


Green 


Average 
dry 


Veneer  loss 


Round-up 


Green  clip 


Green 

veneer 

recovery 


Drying 

loss 


Dry 

veneer 

recovery 


2-2 
3-1 

4-1 
5-1 


Total 


2-1 
3-2 
4-2 
5-2 


Total 


Inches 


1/7 

0.  138 

^332 

1/7 

,  138 

162 

1/7 

.  138 

196 

1/7 

.138 

182 

90 


44 
207 


j-iineai  incnes 

80 

- 

1,488 

1,408 

688 

50 

638 

1,222 

103 

1,119 

2,066 

164 

1,902 

8  72 


349 


578 


94 


5,464 


2,482 


397 


121 


5,067 


3/10 

.292 

180 

60 

833 

33 

800 

3/10 

.292 

85 

9 

303 

17 

286 

3/10 

.292 

97 

8 

617 

37 

580 

3/10 

.292 

^216 

17 

729 

34 

695 

2,361 


Includes  loss  of  78  inches  due  to  chuck  change. 

High  green  clip  loss  due  primarily  to  intergrown  bark  pocket  and  mismanufacture  (chip  gouge). 
'High  round-up  loss  due  primarily  to  chuck  slipping,    and  subsequent  change  to  larger  chuck. 


Table  6.  --Veneer  grade  recovery 


Bolt 
numbe  r 


Green 

veneer 

thickness 


Grade  recovery 


Cull 


Dry  recovery, 
cull    excluded 


Inches 


Lineal  inches 


Lineal  inches 


Total 


Total 


Total 


COMMERCIAL     STANDARD     GRADES 


A 

B 

C 

D 

2-2 

1/7 

0 

24 

297 

1,087 

0 

1,408 

3-1 

1/7 

110 

0 

303 

200 

25 

613 

4-1 

1/7 

31 

0 

273 

799 

16 

1,103 

5-1 

1/7 

571 

0 

255 

1,073 

3 

1,899 

712 


24 


1,  IZi 


3,159 


40  3 


109 


1,  776 


IMPROVISED     GRADES 


710 


1,097 


2,369 


785 


64 


44 


73 


a  b  c  d  e 


42 


5,023 


2-1 

3/10 

0 

0 

0 

800 

0 

800 

3-2 

3/10 

0 

0 

89 

194 

3 

283 

4-2 

3/10 

13 

0 

0 

500 

67 

513 

5-2 

3/10 

390 

0 

20 

282 

3 

692 

Z.Zi 


2-2 

1/7 

0 

311 

1,056 

41 

0 

0 

1,408 

3-1 

1/7 

111 

304 

168 

34 

0 

21 

617 

4-1 

1/7 

37 

254 

290 

509 

11 

18 

1,101 

5-1 

1/7 

562 

228 

855 

201 

53 

3 

1.899 

5,025 


2-1 

3/10 

0 

0 

653 

110 

37 

0 

800 

3-2 

3/10 

0 

63 

184 

36 

0 

3 

283 

4-2 

3/10 

13 

0 

32  3 

132 

86 

26 

554 

5-2 

3/10 

404 

6 

274 

8 

0 

3 

692 

Total 

417 

69 

1,434 

286 

123 

32 

2,329 

due  to  the  length  of  the  test  logs,  and  should 
be  deducted  from  log  scale  before  computing 
recovery  factors.  A  valid  overall  recovery 
factor  for  the  group  of  test  logs  can  be  com- 
puted as 

3/8-inch  plywood  recovery 
log  volume,  minus  trim  loss  ' 


or 


1156 
540-67 


=  244 


The  recovery  factor  of  2.44  square  feet  of 
3/ 8- inch  plywood  per  board  foot  of  log  vol- 
ume, Scribner  Decimal  C  scale,  compares 
favorably  with  recoveries  commonly  expe- 
rienced in  commercial  softwood  plywood 
production. 

As  is  evident  in  the  grade  recovery  shown 
in  table  6,  a  relatively  large  proportion  of  the 
1/7-inch  veneer  recovered  had  no  appreciable 
open  defect.  A  product,  such  as  underlayment, 
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Table  7.  --Study  log  and  bolt  volume,    and  associated  veneer  recovery 


Log 

Volume, 
Scribner, 
Decimal  C 

Triml 

OSS 

Bolt 

Volume, 
Scribner, 
Decimal  C 

Dry 

veneer  recovery 

Equivalent^ 
3/8-inch 
plywood 

No, 

No. 

Thickness 

Quantity 

Volume 

Bd,    ft. 

Bd. 

ft_. 

Bd.    ft. 

Inches 

Sq.    ft. 

Bd.    ft. 

Sq.    ft. 

2 

170 

21 

2-1 

78 

0.292 

289 

84.3 

193 

2-2 

71 

.  138 

508 

70.0 

169 

3 

60 

7 

3-1 

27 

.  138 

221 

30.5 

74 

3-2 

26 

.2  92 

102 

29.8 

68 

4 

120 

15 

4-1 

53 

.  138 

398 

54.  9 

133 

4-2 

52 

.292 

185 

54.1 

123 

5 

190 

24 

5-1 

84 

.  138 

686 

94.5 

229 

5-2 

82 

.292 

2  50 

72.9 

167 

Tot 

al         540 

67 

-- 

473 

-- 

-- 

491.0 

1,156 

Loss  shown  was  incurred  in  cutting  10-foot  test  logs  into  52-inch  bolts. 
Actual  dry  recovery,    in  board-foot  units  of  144  cubic  inches. 
^  Based  upon  nominal  veneer  thicknesses  of  1/8  inch  and  1/4  inch. 


which  requires  a  high  proportion  of  sound,  but 
not  necessarily  clear  veneer,  can  therefore 
capitalize  upon  this  inherent  quality.  In  view 
of  the  high  recovery  of  sound  veneer,  it  was 
considered  feasible  and  practical  to  limit 
open  defect  in  the  final  product  to  the  fifth  or 
back  ply  only.  The  resulting  panel  is  of  con- 
siderably higher  quality,  with  respect  to  open 
defect,  than  is  normally  produced  under 
Commercial  Standard  specifications. 


Test  specimens  were  subjected  to  standard 
shear  and  delamination  tests.  All  test  panels 
passed  cyclic  delamination  test  requirements 
for  interior  softwood  plywood.  ^  Average 
strengths  and  wood  failures  for  dry  shear 
specimens  cut  from  the  panels  are  shown 
below: 

Adhesive         Dry  shear  strength  Wood  failure 
(P.s.i.)  (Percent) 


Panel  layup  and  manufacture 

Preliminary  gluing  trials  were  conducted 
to  determine  which  adhesive  systems  would 
be  suitable  for  underlayment  panel  construc- 
tion, and  the  extent  to  which  knots  might  in- 
terfere with  the  process.  Twenty-four  small 
three-ply  test  panels  were  fabricated  from 
1/8-inch  veneer.  Three  adhesives — a  hot- 
press  blood-soybean  blend,  a  cold-press  soy- 
bean, and  a  hot-press  exterior-type  phenolic 
adhesive- -were  compared.  The  soybean  and 
blood- soybean  blend  glues  are  interior-type 
glues.  Other  variables  investigated  included 
the  effect  of  heartwood  and  sapwood,  and  the 
size  and  location  of  knots  in  the  different 
plies. 


Phenolic  220 

Blood- soybean  211 

Soybean  204 


90 
48 
62 


Some  difficulty  was  experienced  initially 
in  obtaining  uniform  glue  spreads  over  knotty 
areas.  When  care  was  taken  in  spreading  glue, 
however,  knots  and  knotty  material  posed  no 
particular  problems. 

Blood-soybean  adhesive  proved  superior 
in  some  respects  (notably  wet  shear  strength) 
to  the  soybean  interior  adhesive  used.  It  was, 
therefore,  adopted  for  use  in  producing  dem- 
onstration underlayment  panels. 

For     cyalio     dslarrrlnation     test  specifica- 
tions,  see  footnote  4,  p.    5. 
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The  1/7-inch  veneer  was  sorted  into  face, 
core,  crossband,  and  back  material.  All  ve- 
neer with  appreciable  open  defect  was  placed 
in  crossband  and  back  stock.  All  veneer  was 
clipped  to  50- inch  lengths,  and  full  sheets 
were  clipped  to  50-inch  widths.  Fourteen  50- 
by  50- inch  five-ply  panels  were  laid  up  from 
the  veneer,  which  fully  utilized  all  1/7-inch 
veneer.  Open  defect  in  face  veneer  was  limited 
to  splits  or  knot  checks  no  more  than  1/16 
inch  in  width.  Open  defect  in  crossband  and 
core  material  was  limited  to  splits  and  checks 
not  exceeding  1/16  inch  in  width,  and  circular 
open  defects  not  exceeding  1/4  inch  in  diam- 
eter. Material  with  larger  open  defects  was 
either  clipped  to  provide  sound  crossbanding, 
or  was  utilized  as  back  veneer.  Two  panel 
faces  were  patched  with  conventional  boat 
patches,  primarily  to  demonstrate  the  possi- 
bility of  patching. 

No  difficulty  was  encountered  in  laying  up 
panels  with  four  essentially  sound  plies.  The 
requirement  for  sound  veneer  thus  imposed 
did  not  hinder  complete  utilization  of  the  ve- 
neer available.  A  total  of  498  linear  inches  of 
veneer,  or  approximately  13  percent  of  dry 
footage,  was  lost  at  the  clipper  in  laying  up 
the  14  panels.  Of  this,  one-third  was  lost  in 
sizing  full  sheets  and  two-thirds  was  lost  in 
clipping  open  defect  from  crossband  material. 

The  veneer  loss  sustained  in  laying  up  the 
panels  is  subject  to  some  qualification.  Very 
little  defect  was  clipped  from  the  green  ve- 
neer. Defect  that  appeared  to  offer  any  chance 
for  utilization  was  allowed  to  remain  in  the 
veneer  through  the  drying  process.  Conse- 
quently, some  of  the  clipping  loss  incurred  in 
panel  layup  would  probably  have  been  clipped 
from  the  green  veneer  in  a  commercial  oper- 
ation. Also,  much  of  the  lost  veneer  could 
have  economically  been  patched  with  efficient 
commercial  patching  equipment. 

The  plywood  panels  were  fabricated  with 
blood- soybean  adhesive  at  a  spread  of  44 
pounds  per  M  square  feet  of  single  glue  line. 
All  adhesive  was  applied  by  double  spreading 
crossband  veneer  in  a  double- roll  spreader. 
The  panels  were  hot  pressed  at  a  press  tem- 
perature of  240°  F.,  a  pressure  of  150  pounds 
per  square  inch,  and  a  cycle  time  of  15  min- 
utes (fig.  9),  The  panels  were  hot  stacked  upon 
removal  from  the  press  (fig.  10). 


Thermocouples  were  placed  in  the  interior 
glue  lines  of  the  first  two  panels  pressed  to 
determine  interior  glue-line  temperatures. 
The  temperature  reached  200°  F.  in  5  minutes, 
and  attained  a  maximum  of  230°  F.  during  the 
15-minute  pressing  cycle.  This  is  considered 
an  adequate  exposure  to  heat  for  complete 
curing  of  all  glue  lines. 

Five-ply  test  specimens  from  three  panels 
were  subjected  to  soak-dry  delamination  tests 
and  shear  tests.  In  addition,  one  panel  was 
sectioned  into  6-inch  squares  to  evaluate 
glue-line  integrity  and  panel  quality.  All  spe- 
cimens performed  satisfactorily  and  exceeded 
Commercial  Standard  requirements  for  in- 
terior plywood.  Again,  knots  glued  without 
difficulty,  exhibited  good  glue- line  integrity, 
and  posed  no  problems. 

The  completed  plywood  panels  were 
trimmed  to  48-inch  squares.  The  panels 
averaged  0.655  inch  thick,  which  left  an  aver- 
age sanding  allowance  of  0.030  inch  to  bring 
the  material  to  standard  5/ 8- inch  thickness. 

Three  panels  were  trimmed  to  42  inches 
in  width,  to  facilitate  test  sanding  on  a  two- 
drum  oscillating  sander.  First  and  second 
Sander  drums  carried  1/2-60  grit  closed  coat 
garnet  and  2/0-100  grit  closed  coat  garnet, 
respectively.  The  high  pitch  content  of  the 
ponderosa  pine  panels  caused  rapid  plugging 
of  the  closed  coat  paper;  otherwise,  no  diffi- 
culty was  encountered  in  sanding  the  panels 
to  5/ 8- inch  thickness.  The  resulting  touch- 
sanded  surface  was  fully  satisfactory  for  the 
intended  use.  Excessive  paper  plugging  could 
be  avoided  by  using  open  coat  papers  and  wide 
belt  Sanders. 

It  appears  that  the  green  veneer  thickness 
of  1/7  inch  (0,143  inch)  is  correct  for  the  5/8- 
inch  underlayment.  The  resulting  panel  thick- 
ness allowance  is  just  sufficient  to  provide  for 
drying  shrinkage,  hot-press  compression,  and 
adequate  sanding. 


Plywood  evaluation 

The  test  sample  of  eight  veneer  bolts  is  an 
insufficient  basis  for  obtaining  reliable  veneer 
recovery  information.  The  study  logs  selected, 
however,  represented  the  range  of  sound  de- 
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PRESS  TEMPERATURE 


240- F 


PRESSURE 


CYCLE  TIME 


ADHESIVE 


BLOOD-SOYBEAN 
44LBS./M.  SQ.  FT. 
SINGLE  LINE 


FOUR  PLIES  WITHOUT 
OPEN  DEFECT 


HOT  STACK 


Figure  9 .- -Manufacturing  specifi- 
cations used  in  -producing  test 
panels  of  underlayment  plywood. 


Figure   10.— A   4-foot   test  panel  of  five-ply,    5/8-inah  ponderosa  pine   underlayment  plywood  is 

removed  from  the  press  and  hot  stacked. 


feet  commonly  encountered  in  grade  5  saw 
logs.  Two  of  the  study  logs  were  more  nearly 
representative  of  the  low  side  of  the  grade. 
Consequently,  the  veneer  grade  and  quantity 
recovery  experienced  in  this  study  is  probably 
below  that  which  could  be  obtained  commer- 
cially from  a  mixture  of  peeler  logs  including 
some  logs  of  higher  grade. 

Although  all  test  bolts  contained  numerous 
knots,  more  than  80  percent  of  the  1/7-inch 
veneer  recovered  was  sound  (see  table  6).  A 
product  requiring  a  high  proportion  of  sound, 
but  not  necessarily  clear,  material  appears  to 
offer  the  best  utilization  opportunity.  The 
proposed  underlayment  plywood  can  capitalize 
upon  the  high  proportion  of  sound  veneer.  In 
addition,  since  underlayment  is  a  nonstruc- 
tural application,  stiffness  and  strength  defi- 
ciencies will  not  limit  its  use.  Compensating 
additional  thickness  and  shorter  span  require- 
ments common  to  load-bearing  structural 
uses  will  be  avoided.  No  strength  or  stiffness 
tests  were  made  on  these  panels. 

Primary  consideration  has  been  given  to 
utilizing  4-foot  peeler  material  and  construct- 
ing 4-  by  4-foot  panels.  The  4-foot  or  52-inch 
veneer  bolt  offers  substantial  advantages 
in  maximizing  recovery  from  smaller,  low- 
quality,  rapidly  tapering  timber.  The  common 
practice  of  logging  saw  logs  in  multiples  of 
4  feet  also  coincides  well  with  4-foot  bolt 
utilization.  The  equipment  required  to  handle 
and  process  4-foot  veneer  and  panels  is 
smaller  and  entails  less  capital  investment. 
Product  recovery,  however,  remains  the 
major  important  advantage.  In  the  smaller, 
low-grade  timber  under  consideration,  uti- 
lizing standard  8-foot  veneer  bolts  could  be 
expected  substantially  to  lower  net-product 
recovery. 

In  considering  4-  by  4-foot  panel  produc- 
tion, an  underlayment  product  again  appears 
to  have  advantages.  Longitudinal  expansion 
and  contraction  in  underlayment  panels  tend 
to  "open"  the  joints  between  panels,  and  oc- 
casionally cause  the  joint  to  show  through  tile 
or  linoleum.  The  joints  between  4-foot  panels 
will  open  less,  due  to  the  shorter  panel  length. 

Strength  and  stiffness  tests  on  laminated 
lumber- core  flooring,  discussed  in  detail  in  a 
later  section  of  the  report  provide  some  idea 


of  the  strength  characteristics  of  knotty  ve- 
neer. They  indicate  that  numerous  large  knots 
in  the  veneer  materially  lower  the  strength 
and  stiffness  of  the  final  product,  primarily 
because  of  the  large  areas  of  short  grain 
associated  with  the  knots. 

Average  stiffness  of  the  veneer  used  in 
the  flooring  was  only  70  percent  of  that  ex- 
pected for  the  species,  and  modules  of  rupture 
was  approximately  one-third  of  the  average 
for  the  species.  Brash  tension  failures  in  the 
areas  of  steep  grain  further  indicate  that  im- 
pact strength  would  be  low.  The  results  of  the 
tests  lead  to  the  conclusion  that  plywood  con- 
structed from  knotty  ponderosa  pine  veneers 
may  not  perform  well  in  load-bearing  struc- 
tural uses,  unless  thickness  or  span  compen- 
sations are  made. 

Commercial  Standard  CS  259-63, *  which 
sets  forth  the  commercial  specifications  for 
southern  pine  plywood,  limits  sound  knot  size 
in  grade  D  panel  backs  to  2-1/2  inches  in 
diameter.  This  limitation  has  been  prescribed 
because  of  the  known  effect  of  knots  and  sur- 
rounding short  grain  upon  load-bearing  quali- 
ties. A  similar  limitation  applied  to  ponderosa 
pine  veneer  used  in  structural  grades  of  ply- 
wood might  insure  satisfactory  strength  and 
stiffness  properties. 

If  a  better  "grade  mix"  of  logs  were  used 
in  manufacturing  ponderosa  pine  plywood, 
sheathing  grade  specifications  could  undoubt- 
edly be  met.  The  plywood  should  then  be  fully 
adequate  for  structural  diaphragm  uses  such 
as  wall  sheathing  and  soffits.  Commercial 
Standard  CS  122-60  groups  the  western  soft- 
woods, other  than  Douglas-fir,  into  three 
groups  according  to  their  relative  stiffness. 
Ponderosa  pine  is  included  in  group  3,  the 
lowest.  It  is  subject,  therefore,  to  the  limita- 
tions in  structural  use  imposed  upon  group  3 
softwoods. 

FHA  minimum  property  standards^  allow 
the  use  of  groups  2  and  3  softwood  plywoods 

^U.  S.  Department  of  Commerce.  Commercial 
standard  CS  259-63,   southern  pine  plywood.    1963. 

"^U.  S.  Federal  Housing  Administration.  Min- 
imum property  standards  for  one  and  two  living 
units.  Fed.  Housing  Admin.  Pub.  300,  Rev.  4. 
May  1963. 
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that  meet  Commercial  Standard  specifications 
as  underlayment  (nonstructural),  subflooring, 
wall  sheathing,  and  roof  sheathing.  When  used 
as  roof  sheathing  or  subflooring,  however, 
compensating  additional  panel  thickness  or 
shorter  support  spans  must  be  used.  Compen- 
sating thickness  or  span  dimensions  are  not 
required  for  underlayment  and  wall  sheathing 
uses,  since  they  are  nonload  bearing  in  nature. 

Use  standards,  however,  are  based  upon 
average  characteristics  of  the  species.  As 
previously  mentioned,  load-bearing  strength 
of  veneers  from  low-grade  ponderosa  pine 
appears  to  be  far  below  average  for  the 
species.  Consequently,  practical  uses  of 
sheathing- grade  plywood  made  from  veneers 
containing  many  large  knots  are  probably 
limited  to  nonload-bearing  applications.  The 
range  of  potential  use  for  sheathing- grade 
ponderosa  pine  plywood  will  depend  heavily 
upon  the  quality  of  timber  being  utilized.  This 
factor  should  receive  careful  consideration 
when  production  of  a  sheathing- grade  product 
is  considered. 


Particle  Board 

Particle-board  manufacture  may  offer  a 
means  of  utilizing  logs  that  are  too  small  or 
too  rough  to  be  of  value  in  the  manufacture  of 
boards  or  veneer.  In  addition,  much  sawn 
material  currently  considered  mill  waste  is 
suitable  for  the  production  of  particle  board. 
Exploratory  tests  at  the  Forest  Products  Lab- 
oratory have  shown  that  ponderosa  pine  is 
well  suited  to  particle-board  manufacture. 
Specific  products  that  should  warrant  con- 
sideration include  flake-type  furniture- core 
particle  board,  a  furniture  core  or  underlay- 
ment board  made  from  standard  planer  shav- 
ings, and  a  newly  developed  thick  board  made 
from  pulp-type  chips  in  combination  with 
standard  flakes. 

Appropriate  raw  material  was  obtained  to 
evaluate  the  feasibility  of  producing  these 
particle-board  products  from  low-grade  pon- 
derosa pine.  Raw  materials  included  one  12- 
foot  grade  6  saw  log,  500  pounds  of  debarked 
sawmill  slabs,  and  300  pounds  of  planer  shav- 
ings (appendix  A).  The  planer  shavings  were 


taken  from  the  lower  head  of  a  21-inch,  Model 
484M  Woods  planer, » 

Two  general  types  of  particle  board  were 
manufactured.  The  first  of  these  was  conven- 
tional flat-press  furniture- core  particle  board 
in  six  variations.  The  second  type  was  the 
thick,  three-layer  chip  and  flake  board  de- 
signed for  partitioning,  with  possible  modifi- 
cation for  decking  use. 

Flake  and  shaving  board  production 

Furniture- core  particle  boards  made  of 
conventional  flakes,  of  planer  shavings,  and  of 
a  combination  of  the  two  were  included  in  the 
tests.  Six  types  or  variations  of  particle  board 
were  selected  for  manufacture,  including: 

1.  Shavings  board:  This  board  was  made  to 
Forest  Products  Laboratory  standard  spe- 
cifications,^ with  planer  shavings  from  a 
tvpical  commercial  high-speed  planer. 

2.  Flake-shaving  board:  This  board  was  made 
to  standard  specifications  from  flakes 
nominally  1  inch  long,  0.015  inch  thick, 
and  random  width,  and  planer  shavings 
mixed  at  a  weight  ratio  of  one  to  one. 

3.  Three-layer  flake  board:  This  board  con- 
tained a  core  made  from  conventional 
flakes  nominally  1  inch  long,  0.025  inch 
thick,  and  random  width.  Each  face  layer, 
comprising  one-eighth  of  the  total  weight 
of  wood  material,  was  made  of  flakes  1 
inch  long,  0.005  to  0.010  inch  thick,  and 
random  width. 

4.  Three-layer  flake-shaving  board:  This 
board  contained  a  core  made  of  conven- 
tional flakes  1  inch  long,  0.025  to  0.030 
inch  thick,  and  random  width.  Each  face 
layer,  comprising  one- eighth  of  the  total 
weight  of  wood  material,  was  made  of 
fines  produced  by  hammer-milling  planer 
shavings. 

^Mention  of  trade  names  and  commercial 
enterprises  or  products  is  solely  for  necessary 
information.  No  endorsement  by  the  U.  S.  De- 
partment of  Agriculture  is  implied. 

'^Specifications  designated  as  standard  by 
the  Forest  Products  Laboratory  are  described  on 
page   16. 
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5.  Forest  Products  Laboratory  standard  par- 
ticle board:  This  board  was  made  entirely 
from  conventional  ponderosa  pine  flakes 
nominally  1  inch  long,  0.015  inch  thick, 
and  random  width. 

6-7.  Two-layer  flake  board:  This  board  was 
made  from  conventional  ponderosa  pine 
flakes  1  inch  long,  0.015  inch  thick,  and 
random  width,  with  a  top  layer  of  fine  ma- 
terial. The  fine  material,  comprising  one- 
eighth  of  the  total  weight  of  wood  material, 
was  produced  by  hammer- milling  flakes. 
Two  series  of  these  boards  were  made, 
one  with  phenolic  binder,  the  other  with 
urea  binder. 

The  conventional  flakes  used  in  manufac- 
turing the  particle  boards  were  prepared  from 
the  sawmill  slabs  provided,  and  from  other 
scrap  material.  The  material  was  cut  into 
blocks  3  inches  long  in  the  grain  direction  to 
facilitate  flaking  on  the  laboratory  flaker.  The 
blocks  were  vacuum  soaked  in  an  autoclave  to 
raise  the  moisture  content  to  a  point  approx- 
imating green  wood.  When  removed  from  the 
autoclave,  the  material  had  an  average  mois- 
ture content  of  107  percent. 

Sufficient  flakes  of  the  specified  dimen- 
sions for  each  type  of  particle  board  were  cut 
with  a  small  laboratory  flaker.  The  material 
was  fed  into  the  flaker  with  direction  of  grain 
parallel  to  the  plane  of  rotation  of  the  disc- 
type cutter  head.  The  knives  on  the  cutter 
head  were  adjusted  to  control  thickness  of 
flake,  and  spur  cutters  similarly  controlled 
length  of  flake  in  the  grain  direction.  All  wet 
material  flaked  without  difficulty.  Flaking 
attempted  with  some  air-dry  blocks  at  12 
percent  moisture  content  was  unsuccessful. 
The  dry  material  flaked  irregularly  and  pro- 
duced badly  curled  flakes.  Some  difficulty  was 
also  exjoerienced  in  cutting  0.005-inch-thick 
flakes  from  either  wet  or  dry  blocks.  Again 
wet  blocks  exhibited  superior  flaking  proper- 
ties. 

The  flakes  were  allowed  to  air  dry  to  ap- 
proximately 15  percent  moisture  content,  then 
were  hammer-milled  just  sufficiently  to  break 
them  into  random  widths.  Smaller  particles 
were  removed  by  screening  the  hammer- 
milled   flakes  through  a  16- mesh  screen.    A 


quantity  of  flakes  and  a  similar  quantity  of 
planer  shavings  were  hammer-milled  in  a 
1/16-inch  hammer- mill  screen  to  produce 
fine  material  for  the  faces  of  multi-ply 
boards.  All  material  was  dried  to  approxi- 
mately 6  percent  moisture  content  before  use. 

A  sample  of  each  group  of  flakes  was 
measured  to  determine  the  range  of  flake 
thickness.  Table  8  indicates  the  total  thick- 
ness range  encountered,  and  the  thickness 
range  encompassing  90  percent  or  more  of 
the  flakes,  for  each  nominal  flake  thickness. 

Table  8.  --Range  of  flake  thickness  in  a  sample 
of  ponderosa  pine   flakes,    measured   at   6 
percent    moisture  content 


Nominal 
thickness 
(Inches) 


Thickness   range 


Minimum 


Maximum 


Including  90% 
of  flakes 


-  -  Inches 


0. 005-0. 010 
.  015 
.025-    .030 


0.004  0.012 
.010  .019 
.020        .038 


0.005-0.  009 
. 012-  . 017 
.025-    .034 


Three  boards  of  each  of  the  six  types  of 
conventional  particle  board  under  considera- 
tion were  manufactured.  Liquid  urea-formal- 
dehyde adhesive  was  applied  to  the  particles 
by  spraying.  The  boards  were  felted  by  hand, 
following  the  specifications  previously  dis- 
cussed for  each  type  of  board.  All  boards 
were  formed  and  pressed  to  the  following 
Forest  Products  Laboratory  standard  specifi- 
cations: 

1.  Gross  size:  1/2  inch  by  24  inches  by  28 
inches. 

2.  Density:  35  pounds  per  cubic  foot. 

3.  Moisture  content  of  particles  before  spray- 
ing: 6  percent. 

4.  Resin:  Liquid  urea  formaldehyde,  uncata- 
lyzed.  In  addition,  three  boards  of  the  two- 
layer  flake  board  type  were  made  with  a 
phenolic- resin  adhesive. 

5.  Resin  content:  8  percent. 

6.  Moisture  content  of  particles  before  press- 
ing: 12  percent. 

7.  Temperature  of  press:   325°  F. 

8.  Pressure:  Press  to  1/2-inch  stops  in  3  to 
4  minutes. 

9.  Time  in  press:  15  minutes. 
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The  boards  were  cut  into  test  specimens 
to  be  subjected  to  standard  strength  and  di- 
mensional stability  tests.  The  strength  tests 
included  internal  bond  and  static  bending 
strength  determinations.  Dimensional  stability 
tests  included  subjecting  specimens  of  each 
type  of  board  to  the  following  conditions: 

1.  Vacuum- pressure  soak. 

2.  Soak. 

3.  Ovendrying. 

4.  80°  F.,  30  percent  relative  humidity. 

5.  80°  F.,  65  percent  relative  humidity. 

6.  80°  F.,  80  percent  relative  humidity. 

7.  80°  F.,  90  percent  relative  humidity. 


4.  Resin:  Liquid  urea  formaldehyde,  uncata- 
lyzed.   Phenolic  resin. 

5.  Resin  content:   Core,  4  percent. 

Faces,  8  percent. 

6.  Moisture  content  of  particles  before  press- 
ing:  12  percent. 

7.  Temperature  of  press:   325°  F. 

8.  Pressure:  150  pounds  per  square  inch 
maintained  until  the  desired  board  thick- 
ness of  1-3/4  inches  was  attained,  then 
adjusted  to  maintain  thickness.  Thickness 
is  attained  without  press  stops  by  using  a 
dial  indicator  attached  to  a  press  platen. 

9.  Time  in  press:   55  minutes. 


Three-layer-thick  particle  board  production 

The  second  type  of  particle  board  con- 
sidered was  a  board  1-3/4  inches  thick  with  a 
core  of  conventional  5/ 8- inch  pulp  chips  and 
face  layers  of  conventional  0.015-inch  by  1- 
inch,  random  width,  flakes.  This  type  of  board, 
although  in  the  early  experimental  stage  at 
present,  offers  considerable  promise  as  a 
partitioning  and,  with  modification,  decking 
material.  Coarse  chips  for  such  a  board  can 
be  produced  from  extremely  low-grade,  rough 
material,  including  low-grade  logs  and  de- 
barked slabs. 

The  grade  6  ponderosa  pine  saw  log  pro- 
vided as  test  material  was  canted  and  chipped 
into  conventional  5/ 8- inch  pulp  chips  to  pro- 
vide core  material.  Face  material  consisted 
of  the  standard  1-inch  by  0.015-inch  flakes  of 
random  width  previously  described.  The  flakes 
used  in  each  face  comprised  one-eighth  of  the 
total  weight  of  wood  material  in  the  board. 

Six  test  boards  24  by  28  inches  were 
manufactured,  three  with  a  phenolic  resin 
binder  and  three  with  a  urea-formaldehyde 
binder.  The  liquid  adhesive  was  applied  to  the 
particles  by  spraying.  The  boards  were  felted 
by  hand  and  all  boards  were  formed  and 
pressed  to  the  following  specifications: 

1.  Gross  size:   1-3/4  inches  by  24  inches  by 
28  inches. 

2.  Density:  22  pounds  per  cubic  foot. 

3.  Moisture  content  of  particles  before  spray- 
ing:  6  percent. 


The  boards  were  cut  into  test  specimens 
to  be  subjected  to  the  same  strength  and  di- 
mensional stability  tests  previously  outlined 
for  conventional  boards. 

In  addition  to  the  six  test  boards  produced, 
sufficient  material  was  on  hand  to  manufac- 
ture seven  boards  2  feet  by  8  feet  according 
to  the  same  specifications  used  for  the  urea- 
bonded  test  boards  (figs.  11,  12).  The  large 
boards  were  trimmed,  the  faces  were  sanded 
lightly,  and  a  groove  1/2  inch  square  was 
routed  down  the  center  line  of  the  edges  of  the 
boards.  The  groove  provided  for  splining  the 
boards  together  in  a  partition  structure  with 
strip  molding  machined  in  the  form  of  a  cross 
(fig.  13). 

The  press  cycle  time  of  55  minutes  used 
in  the  manufacture  of  this  product  need  not 
necessarily  be  a  deterrent  to  commercial 
production.  Representatives  of  electronic 
equipment  firms  state  that  this  type  of  product 
can  be  manufactured  with  extremely  short 
cycle  time  through  the  use  of  radio-frequency 
heating.  The  most  efficient  pressing  operation 
would  probably  combine  steam-heated  platens 
and  radio-frequency  heating.  Conventional 
steam-heated  presses  can  be  converted  to 
this  type  of  unit  through  the  addition  of  elec- 
tronic insulation  and  radio-frequency  ener- 
gized platens.  It  has  been  estimated  that  a 
15-kilowatt  radio-frequency  unit  would  be 
sufficient  to  reduce  press  cycle  time  to  ap- 
proximately 2  minutes  for  particle  board  1- 
3/4  inches  thick.  The  product  would  also  lend 
itself  well  to  manufacture  in  a  Chapman-type 
progressive  press. 


17 


Figure  11. — The  1-3/4-inch,  2-foot  by  8-foot 
particle  boards  were  felted  by  hand  through  a 
screen  to  achieve  particle  distribution. 


Particle  board  strength  tests 

The  ponderosa  pine  particle  boards  were 
tested  for  strength  in  static  bending  and  in- 
ternal bond.  Five  specimens  for  each  test 
were  taken  from  each  board.  The  average 
strength  values  observed  in  the  tests  are 
given  in  table  9. 

For  comparative  purposes,  Commercial 
Standard  CS  236-611°  sets  the  following  mini- 
mum allowable  limits  for  mat-formed  particle 
board: 

Individual  Average  of  10, 
Property  minimum         minimum 

(Ibs./sq.  in.) 
Modulus  of  rupture  1,450  1,600 

Modulus  of  elasticity      200,000  250,000 

Internal  bond  50  60 

^^U.  S.  Department  of  Commerce.  U.  S.  com- 
mercial standard  CS  236-61  for  mat-formed  par- 
ticle board  (interior  use).  9  pp.,  illus.  June 
1961. 


Figure   12. --The  mats  for  these  hand-felted  boards  were   then  hot-pressed 
at  326°F.    to  the  desired  thickness. 


I 
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■i 
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Figure  23. — A  completed  particle  board 
partition,  with  connecting  cross-shaped 
splines    (insert)  painted  dull  black. 


Table  9.  --Summary  of  strength  characteristics  of  ponderosa  pine  particle  boards 


Board  number  and  description 


Moisture 
'  content 


Modulus  of-- 


rupture 


elasticity- 


Tension 
perpendicular 
(internal  bond) 


Standard  1/2 -inch  ponderosa  pine  boards: 

1.  Planer  shavings  board  9.2 

2.  Shaving  and  flake  board  8.  8 

3.  Three-layer  flake  board  8.6 

4.  Three -layer  flake  and  shaving  board      8.  7 

5.  FPL  standard  particle  board  8.  4 

6.  Two-layer  flake  board  8.9 

7.  Two-layer  flake  board,    with 

phenolic  binder  8.  6 

Comparative   1/2 -inch  Douglas -fir  boards: 

8.  FPL  standard  Douglas -fir 

board  (40  lbs. /cu.  ft.  )  8.6 

Thick  1    3/4-inch  chip-core  boards: 


Percent     Lbs  ,/sq.  in.      l,000  1bs,/sq.in.         Lbs .  /sq.  in. 


9.        Three-layer  chip  and  flake 
board  (22  lbs.  /cu.ft.  ) 
10.        Three-layer  chip  and  flake  board,  with 
phenolic  binder  (22  lbs. /cu.ft.) 


9.0 


950 
2,220 
2,660 
1,960 
3,  720 
3,440 

3,200 


4,020 

770 
830 


120 
280 
400 
2  50 
460 
46  5 

400 


570 

140 
150 


115 
115 

25 
135 
110 

90 

120 


150 

23 
22 


Detailed  description  of  individual  boards  in  text.     All  boards,   unless  otherwise  noted,   have  den- 
sity of  35  lbs.  /cu.ft,  ,    and  were  manufactured  with  8  percent  urea  binder.     Data  for  boards   1 
through  4  based  on  5  test  specimens  taken  from  a  single  board  of  each  type;  boards   5  through  10 
based  on  1  5  test  specimens,    5  taken  from  each  of  3  boards  of  each  type. 
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Comparing  these  minimum  limits  to  the 
data  shown  in  table  9  provides  a  means  of 
judging  the  performance  of  the  boards.  Except 
for  boards  1  and  3,  all  the  1/2- inch  boards 
(numbers '2,4,5,6,7)  met  or  exceeded  the  min- 
imum allowable  limits.  Boards  made  under 
controlled  laboratoi'y  conditions,  however,  are 
generally  stronger  in  static  bending  and  in- 
ternal bond  than  similar  boards  made  on  a 
production  basis.  Therefore,  boards  2  and  4 
should  also  be  considered  marginal  or  un- 
satisfactory with  respect  to  modulus  of 
elasticity. 

The  low  internal  bond  of  board  3  is  prob- 
ably the  result  of  a  pressing  variable  such  as 
pressure,  since  all  failures  occurred  in  the 
lower  1/16  inch  of  the  press  downside  of  each 
specimen. 


Boards  9  and  10  in  table  9  are  the  1-3/4- 
inch  thick,  chip-core  construction.  Their  den- 
sity of  22  pounds  per  cubic  foot  is  less  than 
that  of  solid  ponderosa  pine  wood.  Because  of 
the  special  type  of  construction,  they  would 
not  be  expected  to  meet  the  minimum  strength 
specifications  required  of  standard  particle 
board.  While  the  strength  values  of  these 
boards  were  not  high,  they  seemed  sufficient 
for  the  suggested  uses  of  wall  partitions  and 
roof  decking.  In  comparison,  a  commercial 
fiberboard  roof  decking,  with  a  density  of 
about  19  pounds  per  cubic  foot,  has  a  stiffness 
and  strength  in  bending  of  about  one- half  the 
values  obtained  for  the  experimental  chip- 
core  board. 


Particle  board  dimensional  movement  tests 


The  low  modulus  of  elasticity  obtained  in 
boards  1,  2,  and  4  appears  to  be  directly  re- 
lated to  the  use  of  planer  shavings  in  these 
boards.  Within  a  species,  static  bending 
strength  tends  to  increase  and  internal  bond 
tends  to  decrease  as  particle  shape  becomes 
more  flakelike.  A  flake  board  is  in  effect 
made  up  of  layers  that  have  good  resistance 
to  static  bending  loads.  This  layered  effect  is 
not  so  pronounced  in  boards  containing  planer 
shavings.  Boards  made  with  planer  shavings, 
then,  could  be  expected  to  possess  good  in- 
ternal bond  strength  and  only  fair  bending 
strength.  Both  of  these  properties  will  be 
further  reduced  if  the  planer  shavings  are 
excessively  curled,  as  were  the  shavings  used 
in  this  study.  It  is  difficult  to  obtain  a  resin 
coat  on  the  inside  of  the  curl,  consequently  the 
adjacent  faces  of  a  compressed  shaving  may 
contain  little  or  no  resin  and  will  weaken  the 
board. 

Board  8,  representing  the  average  of  six 
Douglas-fir  standard  particle  boards,  was  in- 
cluded for  comparison.  Except  for  density, 
they  were  manufactured  in  the  same  manner 
as  ponderosa  pine  standard  particle  board  5. 
With  density  of  40  pounds  per  cubic  foot  for 
Douglas-fir,  better  strength  properties  are 
expected.  Allowing  for  the  density  difference, 
the  ponderosa  pine  flake  boards  5,  6,  and  7 
compare  favorably  in  all  respects.  It  appears 
that  a  board  comparable  to  Douglas-fir  board 
can  be  made  from  ponderosa  pine. 


The  acceptability  of  particle  boards  for 
many  uses,  such  as  underlayment,  core  stock, 
and  paneling  is  often  based  on  properties 
other  than  strength  and  stiffness.  "Show- 
through"  or  "telegraphing"  is  important  in 
boards  to  be  used  as  cores  in  desk  tops  and 
furniture;  edge  texture  and  screw-holding 
capacity  are  of  importance  in  furniture  ap- 
plications. Of  vital  importance  in  almost  all 
applications  of  particle  board  are  the  linear 
and  thickness  dimensional  movements  asso- 
ciated with  changes  in  moisture  content. 

To  evaluate  dimensional  movement  prop- 
erties of  the  test  boards,  24-inch-long  strips 
were  cut  from  the  samples.  The  thickness  and 
length  of  these  strips  were  accurately  meas- 
ured before  and  after  exposure  to  ovendrying; 
30  percent,  65  percent,  80  percent,  and  90 
percent  relative  humidity  at  80°  F.;  and  sub- 
mersion under  water.  One  strip  was  exposed 
to  each  condition  after  preconditioning  at  30 
percent  relative  humidity.  The  results  of  the 
evaluation  are  presented  in  table  10. 

With  the  exception  of  board  number  1,  the 
linear  movements  shown  in  table  10  are  quite 
small  and  compare  favorably  with  standard 
Douglas-fir  flake  board  8.  The  thickness 
movements  of  the  1/2-inch  ponderosa  pine 
boards  also  compare  favorably  with  the 
Douglas-fir  board.  Only  the  board  composed 
entirely  of  planer  shavings  exhibited  exces- 
sive dimensional  movement.   By  comparison. 
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Table  10.  --Dimensional  movement  of  ponderosa  pine  particle  boards 
associated  with  changes  in  moisture  content 


Change  in  thickness 


Change  in  length 


Board  number  and  description 


From 
ovendry 
to  soaked 
condition 


Thickness 
movement 
index 


From 
ovendry 
to  soaked 
condition 


Linear 

movement 

index  2 


From  50  to 

90%  relative 

humidity  ^ 


Standard  1/2 -inch  ponderosa  pine  boards: 

1.  Planer  shavings  board 

2.  Shaving  and  flake  board 

3.  Three-layer  flake  board 

4.  Three-layer  flake  and  shaving  board 

5.  FPL  standard  particle  board 

6.  Two-layer  flake  board 

7.  Two-layer  flake  board,    with 

phenolic  binder 

Comparative   1/2 -inch  Douglas -fir  boards: 

8.  FPL  standard  Douglas -fir 

board  (40  lbs.  /cu.ft.  ) 

Thick  1    3/4-inch  chip-core  boards: 
9 


34 

14.6 

-  -  Perce 

1.  72 

nt 

0.81 

0.  54 

37 

15.0 

.46 

.31 

.  19 

40 

16.5 

.24 

.21 

.04 

32 

12.8 

.  32 

.24 

.08 

35 

14.0 

.Z9 

.23 

.06 

32 

12.8 

.29 

.23 

.08 

25 


34 


10. 


Three -layer  chip  and  flake 

board  (22  lbs.  /cu.ft.)  11 

Three -layer  chip  and  flake  board,    with 

phenolic  binder  (22  lbs. /cu.ft.)  8 


11.6 

14.  1 

4.  3 
3.6 


21 


30 


21 


.23 


40  .27 

37  .28 


.06 

.05 

.  17 
.  16 


All  boards,    unless  otherwise  noted,    have  density  of  35  lbs.  /cu.ft.  ,    and  were  manufactured  with 
8  percent  urea  binder. 

2 

Based  upon  difference  between  ovendry  dimension  and  average  of  diinensions  at  30,    6  5,    80,    and 

90  percent  relative  humidity,    and  soaked. 

Maximum  movement  allowed  under  Commercial  Standard  specifications  is  0.  50  percent. 


a  currently  available  commercial  flake-type 
particle  board,  designed  primarily  for  furni- 
ture core  use,  has  a  linear  movement  index  of 
about  0.05  and  a  thickness  movement  index  of 
about  12  percent.  Another  commercial  par- 
ticle board,  designed  primarily  for  use  as 
underlayment,  has  a  linear  movement  index  of 
0.63  and  a  thickness  movement  index  of  11 
percent. 

No  tests  were  made  on  the  sample  boards 
to  evaluate  screw-holding  capacity  or  show- 
through.  The  edge  condition  of  the  test  boards, 
as  judged  by  visual  comparison,  appears  to  be 
acceptable  and  comparable  to  commercially 
available  boards. 

Results  of. the  dimensional  movement  tests 
indicate  that  flake-type  particle  boards  prop- 


erly made  from  ponderosa  pine  waste  could 
be  expected  to  compete  with  good  commercial 
particle  boards,  with  respect  to  linear  dimen- 
sional movement.  Thickness  movement  of  the 
experimental  boards  is  not  significantly  dif- 
ferent from  that  of  commercial  boards. 

The  1-3/4-inch  thick  chip-core  particle 
boards  9  and  10  (table  10)  exhibited  extremely 
low  dimensional  movement  in  both  thickness 
and  length.  Both  thickness  movement  and  lin- 
ear movement  are  well  below  those  of  high- 
quality  commercial  particle  boards  of  con- 
ventional construction. 

Specimens  of  the  1-3/4-inch  thick  pheno- 
lic-bonded chip- core  particle  board  were  also 
subjected  to  six  cycles  of  accelerated  aging. 
No  strength  tests  were  made,  but  the  material 
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was  observed  between  cycles  and  inspected 
closely  after  completion  of  the  cycles.  The 
thick  material  appeared  to  be  no  more  af- 
fected by  aging  than  conventional  types  of 
particle  board,  and  perhaps  less  than  some 
wood  products  that  give  satisfactory  service 
under  exterior  use.  The  board  appears  to 
have  superior  qualifications  for  suggested 
uses. 

The  strength  and  dimensional  movement 
tests  performed  on  the  conventional  flake-type 
particle  boards  and  the  thick  chip- core  par- 
ticle board  indicate  that  ponderosa  pine  is 
well  suited  to  this  use.  There  should  be  no 
difficulty  in  designing  particle  board  of  pon- 
derosa pine  that  could  technically  equal  or 
surpass  many  of  the  currently  available 
boards  in  the  furniture  core  market  and  un- 
derlayment  market.  There  appears  to  be  a 
similar  potential  for  the  experimental  thick 
board,  in  the  partition  and  roof  decking 
market. 


Beam  construction 

The  feasibility  of  vertically  laminating 
small  beams  from  full-length  standard  sizes 
of  4/4  low-grade  lumber  was  investigated  by 
making  five-ply  laminated  joist  beams  from 
1-  by  10-inch  lumber.  The  test  lumber,  all  16 
feet  in  length,  included  approximately  equal 
amounts  of  grades  3,4,  and  5  common  (appen- 
dix A).  It  had  previously  been  surfaced  on  two 
sides  to  a  standard  thickness  of  25/32  inch. 
Some  of  the  pieces  had  areas  of  planer  skip 
on  one  or  both  faces. 

Boards  were  randomly  selected  for  10 
beams;  grade  3  common  boards  were  assigned 
to  the  outer  beam  faces  for  appearance.  Inner 
laminations  were  of  grades  4  and  5  common; 
laminations  two  and  four  were  of  a  like  grade. 

The  laminations  of  beams  1  through  5  were 
left  exactly  as  they  occurred  in  random  layup. 
No  attempt  was  made  to  improve  defect  orien- 
tation. 


Laminated  Beams 


Smaller  vertically  laminated  beams  suit- 
able for  roof  beams  or  floor  joints  in  con- 
ventional small  building  construction  offer 
promise  for  effectively  utilizing  lower  grade 
ponderosa  pine  lumber.  Laminating  low-grade 
material  into  conventional  laminated  struc- 
tural timbers  would  not  be  practical  nor 
economical.  Producing  vertically  laminated 
beams  made  from  full-length  boards,  however, 
seems  to  have  some  practical  possibilities. 
Laminating  provides  an  opportunity  for  ob- 
taining either  a  random  or  selected  distri- 
bution of  strength- reducing  characteristics 
throughout  the  beam.  With  a  suitable  orienta- 
tion of  defects,  low-grade  lumber  can  be  used 
to  produce  beams  of  adequate  strength  for 
specified  construction  uses.  Such  beams  can 
provide  a  necessary  part  of  a  coordinated 
component  building  system  for  use  in  con- 
junction with  flooring  or  decking  products, 
especially  where  deflection  governs  in  design. 
Further,  locally  produced  laminated  members 
can  reduce  checking  problems  encountered 
when  laminated  members  manufactured  in 
humid  regions  are  used  in  the  Southwest. 


In  beams  6  through  10,  the  randomly  se- 
lected boards  were  reoriented  or  interchanged 
so  that  strength- reducing  characteristics 
would  be  distributed  in  a  position  judged  to 
have  the  least  effect  on  bending  strength  and 
stiffness.  Grade  3  common  boards  were  re- 
tained on  the  outer  faces.  The  best  edge  of 
each  board  was  placed  downward,  toward  the 
tension  side  of  the  beam.  It  was  intended  that 
the  results  obtained  in  testing  this  group, 
when  compared  to  the  group  made  up  of  beams 
1  through  5,  should  provide  an  indication  of 
the  value  of  such  reorientation. 

After  selection  of  the  material  for  the 
first  10  beams,  7  randomly  selected  boards 
remained.  The  five  poorest  boards  remaining 
were  assigned  to  beam  11,  and  were  oriented 
to  concentrate  the  knots  along  the  tension 
side  of  the  beam.  The  outer  or  face  lamina- 
tions were  grade  5  common,  and  the  inner 
three  laminations  were  grade  4  common.  The 
beam  was  laid  up  in  this  manner  to  gain  some 
idea  of  the  worst  condition  that  might  occur  in 
purely  random  layup. 

The  laminations  of  each  beam  were  laid 
out  in  order,  graduated  at  4-foot  intervals, 
numbered  with  beam  and  lamination  number. 
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and  marked  to  indicate  designated  tension 
edge  (fig.  14).  Both  faces  of  each  lamination 
were  photographed,  as  a  record  of  defect 
location  within  the  beam.  The  beams  were 
dead  piled  and  covered  until  glued. 

The  stresses  applied  on  the  glue  lines  of 
vertically  laminated  beams  by  external  loads 
are  normally  appreciably  less  than  on  glue 
lines  of  horizontally  laminated  beams.  There- 
fore, exacting  glue-laminating  procedures  are 
of  lesser  importance.  The  boards  had  been 
surfaced  at  the  mill  prior  to  shipment  to  the 
Laboratory.  To  simulate  economical  produc- 
tion procedures,  the  boards  were  glued  into 
beams  without  further  surfacing.  The  beams 
would  presumably  be  handled  as  stock  lumber 
yard  items,  and  would  perhaps  be  exposed  to 


the  weather,  both  in  the  yard  and  in  subse- 
quent use.  Consequently,  a  room-temperature- 
setting  phenol- resorcinol  adhesive  suitable 
for  exterior  exposure  was  specified. 

Further  economy  in  laminating  was  simu- 
lated by  applying  glue  to  both  surfaces  of 
laminations  2  and  4  only,  as  is  done  in  making 
conventional  plywood  (fig.  15).  These  two 
laminations  were  double- spread  by  passing 
them  through  a  double-roll  18-inch  glue 
spreader.  The  remaining  laminations  (1,  3, 
and  5)  were  not  spread  at  all.  Many  of  the 
boards  were  slightly  cupped  and  warped,  which 
caused  the  glue- spread  to  vary  from  place  to 
place  on  the  board.  In  beams  3  through  11,  the 
spread  laminations  were  passed  through  the 
spreader    twice    to    obtain  more  uniform  ad- 


Figure   14. — These   lower  grade  boards  made   up   the   laminations  of  a  typical  beam, 
composite  photo  shews  both  front  and  back  of  all  five   laminations . 
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The  beams  were  laid  up  in  pairs  in  a  hand 
clamping  jig,  between  2-  by  12-inch  caul 
boards.  Side  clamps  were  used  to  align  the 
laminations  and  remove  bow  while  pressure 
was  applied  (fig.  16).  Side  clamping  was  ham- 
pered by  variations  in  the  width  of  the  sur- 
face-two-sides (S2S)  laminations.  Laminations 
of  uniform  width  would  prove  a  definite 
advantage. 

Pressure  clamps  were  located  on  approxi- 
mate 8- inch  centers  along  the  length  of  the 
16-foot  beams.  The  clamps  were  uniformly 
loaded  with  a  torque  wrench  to  apply  approxi- 
mately 150  pounds  per  square  inch  glue- line 
pressure. 

Total  assembly  time  for  the  beams  aver- 
aged approximately  25  minutes,  of  which  less 
than  5  minutes  was  open  assembly  time.  The 
beams  remained  in  the  clamps  at  room  tem- 
perature for  a  minimum  of  18  hours.  After 
the  clamps  were  removed,  the  beams  were 
allowed  to  cure  for  3  weeks  in  a  controlled 
atmosphere  at  73°  F.  and  50  percent  relative 
humidity.  The  beams  were  then  dressed  to  a 
uniform  depth  of  9-1/2  inches.  Each  beam 
was  slightly  over  3-7/8  inches  wide,  9-1/2 
inches  deep,  and  16  feet  long. 


Figure  15. — Second  and  fourth  laminations  of 
the  beams  were  double-spread  with  phenol- 
resorainol  adhesive,  in  a  double-roll  spread- 
er equipped  with  doctor  rolls. 

hesive  coverage.  The  average  spread  for  all 
beams  was  estimated  at  40-45  pounds  per 
M  square  feet  of  glue-joint  area. 

Areas  of  complete  planer  skip  did  not 
spread  well  at  all.  Areas  of  partial  skip,  from 
which  the  roughest  surface  had  been  removed, 
spread  without  difficulty. 


Beam  tests  and  evaluation 

All  beams  were  tested  in  static  bending  to 
determine  strength  and  stiffness  characteris- 
tics. The  beams  were  simply  supported  over 
a  span  of  15  feet  and  subjected  to  two-point 
loading  with  load  points  5  feet  apart  (fig.  17). 
The  results  of  these  tests  for  the  11  beams 
are  shown  in  table  11. 

For  comparative  purposes,  average  values 
for  clear  straight-grained  ponderosa  pine  at 


Figure  16. — Immediately  after 
a  beam  was  laid  up,  side 
clamps  were  applied  to  align 
the  edges  of  laminations  and 
remove  bow.  Pressure  clamps 
were  then  applied  to  the 
beams  at  8-inah  intervals. 


Figure  17. — A  test  beam 
■positioned  in  a  screw- 
type   testing  machine. 


Table   11.  --Physical  characteristics  of  vertically  laminated  l6-foot  beams 
made  of  low-grade  ponderosa  pine 


Beam 

No. 


Width 


Depth 


Weight 


Moisture 
content 


Specific 
gravity 


Modulus  of 
elasticity 


Stress  at 
propor - 
tional 
limit 


Modulus 

of 
rupture 


Corrected 
modulus 

of 
rupture^ 


Inches 


Lbs. 


Percent 


GROUP    1    -- 

1 

3.93 

9.51 

126.  5 

9.9 

2 

3.91 

9.  51 

135.  5 

13.  1 

3 

3.93 

9.52 

135.0 

11.4 

4 

3.93 

9.  54 

131.0 

10.2 

5 

3.95 

9.52 

128.2 

10.7 

1  ,  OOP  lbs,  /sq.  m. 


libs.  /sq.  in.    - 


RANDOM  SELECTION  AND  LAYUP 


0.44 
.46 
.47 
.46 
.44 


1,  160 
1,240 
1,080 
1,  180 
1,  100 


2 

280 

3, 

570 

3, 

100 

2 

550 

3, 

930 

3, 

190 

2, 

020 

3, 

140 

2, 

470 

3 

520 

4, 

240 

3, 

440 

3 

270 

3, 

950 

3, 

420 

Average 


1  1.  1 


.46 


1,  150 


2,730         3,770 


3,  120 


GROUP    2    --    RANDOM    SELECTION    WITH   SPECIAL    ORIENTATION   IN    LAYUP 


6 

3.92 

9.  52 

129.  5 

10.8 

.  45 

1,110 

3,290 

5,740 

4,810 

7 

3.91 

9.51 

124.  5 

11,4 

.  43 

1,080 

2,550 

4,410 

3,960 

8 

3.92 

9.52 

124.  5 

10.9 

.  44 

1,210 

3.800 

5,440 

4,720 

9 

3.93 

9.51 

132.2 

11.  1 

.46 

1,  340 

3,800 

5,340 

4,330 

10 

3.  88 

9.  54 

120.0 

11.7 

.  42 

1,200 

3,060 

4,  540 

4,220 

Average 


11.2 


44 


1,  190 


3,300         5,090 


4,410 


11  3.92        9.54        145.0         12.2 

Overall  average  11.2 

Species  average^  12.0 


SPECIAL    BEAM 
.50  1,030 


3,030    4,170 


2,980 


.45 


1,  160 


3,020         4,410  3,690 


.40 


1,260 


6,300         9,200  9,200 


Based  on  sample  sections   1   inch  long  and  free  of  knots;  expressed  in  terms  of  ovendry  weight. 

Based  on  volume  of  beam  at  test  and  estimated  ovendry  weight  of  beam. 

Corrected  to  a  specific  gravity  of  0.  40. 

Taken  from:  -  Markwardt,    L.    J.  ,    and  Wilson,    T.    R,    C.     Strength  and  related  properties  of  woods 

grown  in  the  United  States.      U.    S.    Dept.    Agr.    Tech.    Bui.    479  (face  p.    4).      1935. 
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12  percent  moisture  content  are  shown  at  the 
bottom  of  the  table. 

Beam  11  was  laid  up  to  obtain  a  heavy 
concentration  of  strength- reducing  charac- 
teristics on  the  tensile  side,  thus  approximat- 
ing the  worst  condition  that  could  occur  in 
random  layup.  The  beam  was  inadvertently 
tested  with  the  best,  however,  rather  than 
worst,  edge  on  the  tensile  side.  The  modulus 
of  elasticity  was  still  the  lowest  of  any  of  the 
beams  tested,  indicating  that  this  property  is 
affected  by  grade  of  laminations. 

The  data  in  table  11  indicate  that  the 
strength  of  beams  made  by  vertically  laminat- 
ing boards  of  low  quality  can  be  increased 
significantly  by  selective  orientation  of  the 
laminations.  Dispersing  strength- reducing 
characteristics  and  placing  the  poorer  edges 
of  the  boards  on  the  compression  side  of  the 
beam  result  in  a  substantial  increase  in 
stress  at  proportional  limit  and  modulus  of 
rupture.  The  average  modulus  of  rupture  for 
the  second  group  of  beams  is  about  35  percent 
higher  than  that  for  the  random  layup  group. 
Furthermore,  the  minimum  modulus  of  rup- 
ture value  in  the  second  group  is  higher  than 
the  maximum  value  in  the  random  layup  group. 

A  selective  orienting  procedure  in  produc- 
tion would  require  that  top  and  bottom  of  the 
beams  be  positively  identified  to  prevent  im- 
proper installation.  If  they  were  inadvertently 
placed  upside  down,  their  bending  strength 
could  be  one-half  or  less  of  that  expected  with 
proper  placement. 

Failure  of  all  beams  during  the  bending 
tests  started  in  the  wood  in  an  area  adjacent 
to  knots  or  cross  grain,  on  the  tension  side  of 
the  beam.  There  was  no  evidence  that  weak 
glue  bonds  contributed  to  the  initial  failure. 
The  gluing  procedures  used  in  constructing 
the  test  beams  appear  to  provide  a  glue  bond 
of  adequate  strength  for  the  purpose  intended. 

The  glue  bond  should  also  be  sufficiently 
durable  to  withstand  stresses  due  to  environ- 
mental conditions  to  which  the  member  will 
be  exposed.  To  evaluate  durability  of  the  glue 
bond,  a  cross  section  was  cut  from  each  beam 
and  subjected  to  delamination  tests.  The  re- 
sults of  the  delamination  tests  were  generally 


satisfactory;  some  delamination  was  observed 
in  resinous  areas  of  the  beams,  however,  and 
appeared  to  be  directly  associated  with  the 
presence  of  resin. 

The  results  of  the  beam- strength  tests  and 
glue-bond  tests  lead  to  the  conclusion  that  the 
gluing  techniques  used,  and  the  glue  spread  of 
40-45  pounds  per  M  square  feet,  are  adequate 
for  the  product.  They  are  close  to  minimum 
for  acceptable  performance,  however.  The 
delamination  tests  further  indicate  that  boards 
with  relatively  large  areas  of  heavy  resin 
should  be  culled  from  laminating  stock. 

Average  specific  gravity  of  the  beams  was 
0,45  as  compared  with  an  average  value  of 
0.40  reported  for  the  species.  A  second  eval- 
uation of  specific  gravity,  from  only  clear 
wood  specimens,  confirmed  the  0.45  value.  If 
the  average  specific  gravity  of  the  beams  had 
been  0.40  and  all  other  factors  were  the  same, 
somewhat  lower  values  of  strength  and  stiff- 
ness would  be  expected.  Values  of  modulus  of 
rupture  corrected  to  a  specific  gravity  of  0.40 
were  calculated  for  each  beam,  and  are  shown 
in  the  last  column  of  table  11, 

Vertically  laminated  beams  of  the  type 
evaluated  have  been  suggested  for  use  as 
floor  joists  spaced  on  4-foot  centers.  Deflec- 
tion limitations  rather  than  strength  frequent- 
ly govern  in  design  of  such  structures.  For 
floor  systems,  the  deflection  is  often  limited 
to  1/360  of  the  span.  If  such  a  deflection  limit, 
a  total  floor  load  of  40  pounds  per  square  foot, 
and  4-foot  spacing  are  assumed,  the  strength 
and  stiffness  of  the  beams  appears  to  be 
adequate  for  spans  up  to  about  13  feet. 

The  results  of  the  evaluation  are  too  lim- 
ited to  provide  a  basis  for  design  recommen- 
dations. However,  beams  of  the  size,  type,  and 
construction  evaluated  show  definite  promise 
of  being  practical  for  use  in  floor  and  roof 
systems  in  housing  and  other  building  con- 
struction. The  strength  of  such  beams  can  be 
increased  significantly  by  the  selective  orien- 
tation of  defects  during  production. 

Overlaid  Siding 

Overlaying  lumber  with  fiber  sheet  prod- 
ucts   offers   utilization  possibilities  for  low- 
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grade  ponderosa  pine.  Of  particular  interest 
in  this  study  was  the  possibility  of  using  se- 
lective cuttings  from  mill- run  grade  3,  4,  and 
5  common  lumber  to  produce  overlaid  prod- 
ucts of  exceptional  quality  and  surface  ap- 
pearance. Overlaid  products  with  a  higher 
market  value  than  sheathing  were  emphasized, 
since  they  can  better  withstand  the  costs  of 
selective  cutting  and  processing. 

For  the  utilization  of  low-grade  4/4  and 
5/4  lumber,  two  Laboratory-developed  siding 
products  were  considered:  a  combination 
siding- sheathing  product  from  4/4  lumber,  and 
a  resawn  beveled  siding  product  from  5/4 
lumber.  Both  were  produced  from  the  4/4  and 
6/4  rough  test  lumber  supplied, 

A  rather  wide  range  of  overlay  materials 
for  wood  has  been  developed  on  an  experi- 
mental basis  in  recent  years.  Selection  of  the 
correct  overlay  material  for  the  design  and 
type  of  product  and  ultimate  end  use  is  ex- 
tremely important.  The  two  overlaid  siding 
products  manufactured  from  ponderosa  pine 
presented  somewhat  different  requirements 
for  overlay  material.  The  combination  siding- 
sheathing  product,  because  of  the  exposure 
conditions  encountered  in  its  use,  required 
overlaying  on  both  front  and  back.  An  overlay 
that  restricted  dimensional  movement  was 
considered  desirable.  In  addition,  the  siding 
was  end  and  edge  matched  with  tongue  and 
groove,  and  was  beveled  to  create  a  drip  edge 
and  shadow  line.  The  overlay  material  used 
in  such  an  application  should,  therefore, 
machine  well  and  cut  cleanly  without  fraying. 
The  overlay  material  specified  for  this  siding 
was  made  at  the  Laboratory  from  kraft  pulp 
blended  with  15  to  18  percent  of  water-dis- 
persible  phenolic  resin  at  the  beater.  The 
included  resin  adds  tensile  strength  and  dura- 
bility to  the  overlay,  and  provides  desirable 
machining  characteristics.  Prior  to  use,  the 
overlay  material  was  fully  cured  in  a  steam- 
heated  press  at  300°  F, 

The  overlay  described  is  considerably 
more  stable  dimensionally  in  the  machine 
direction  than  in  the  cross-machine  direction. 
Consequently,  for  maximum  restraint  of  di- 
mensional movement  of  the  siding,  the  ma- 
chine direction  of  the  overlay  should  be  at 
right    angles  to  the  direction  of  grain  in  the 


lumber.  This  requires  overlay  material  as 
wide  as  the  length  of  the  siding.  If  overlay 
material  of  this  type  is  locally  manufactured, 
but  in  inadequate  widths,  dimensional  stability 
in  the  cross-machine  direction  can  be  in- 
creased through  the  use  of  expander  rolls  on 
the  paper  machine.  The  curved  expander  rolls 
exert  a  sidewise  pull  on  the  fiber  web,  and 
restrain  it  from  shrinking  as  it  dries.  The 
resulting  overlay  has  improved  dimensional 
stability  in  the  cross-machine  direction,  and 
performs  well  when  applied  lengthwise  to  the 
lumber. 


The  second  siding  product  manufactured,  a 
resawn  beveled  siding,  could  be  overlaid  on 
the  weather  face  only,  because  of  the  method 
of  manufacture.  In  addition,  a  single-face 
overlay  was  considered  adequate  for  the  end 
use  contemplated.  The  product,  therefore,  re- 
quired an  overlay  material  that  would  not  re- 
strain dimensional  movement  of  the  wood,  and 
would  produce  an  essentially  stress-free  con- 
struction when  applied  to  only  one  side.  For 
this  product,  0.005-inch  vulcanized  fiber 
overlay  was  specified.  The  vulcanized  fiber 
used  as  an  overlay  is  essentially  unsized, 
unloaded  paper  that  has  been  treated  with  zinc 
chloride  solution.  This  material  has  dimen- 
sional movement  characteristics  across  the 
machine  direction  quite  similar  to  those  of 
wood  in  the  tangential  direction;  therefore  it 
can  be  used  effectively  in  a  single-face  appli- 
cation. Specific  orientation  of  the  machine 
direction  of  the  fiber  sheet  with  grain  direc- 
tion of  the  siding  is  necessary.  Like  vulcan- 
ized fiber,  parchmentized  paper  also  performs 
satisfactorily  as  a  single-face  overlay. 


Combination  siding- sheathing  production 

The  4/4  rough  test  lumber  for  the  com- 
bination siding- sheathing  was  random- width 
material  12  feet  long.  Moisture  content  of  the 
stock  ranged  from  8  to  10  percent,  a  satis- 
factory compromise  for  ultimate  use  either  in 
the  Southwest  or  at  Madison,  where  moisture 
content  of  wood  in  use  may  range  from  8  to  12 
percent.  For  use  specifically  in  the  Southwest, 
lumber  stock  probably  should  not  exceed  8  to 
9  percent  moisture  content  when  processed. 
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The  lumber  was  surfaced  on  the  best  face, 
at  a  15/16-inch  planer  bed  setting,  to  obtain 
a  working  face  and  a  relatively  uniform  thick- 
ness. In  commercial  production,  it  would  be 
desirable'  to  joint  this  working  face  rather 
^,than  plane  it,  to  circumvent  cupping  in  wider 
stock. 

All  lumber  was  edge  jointed  and  ripped 
random  width  for  recovery  of  material  suit- 
able for  overlaying.  The  material  was  ripped 
to  obtain  the  widest  possible  pieces;  the  re- 
covery included  pieces  from  1-1/2  to  10 
inches  wide.  Lumber  that  could  be  used  full 
width  was  trimmed  and  jointed  to  obtain 
straight,  parallel  edges. 

Material  judged  suitable  for  overlay  in- 
cluded knots  of  any  size,  so  long  as  sound  and 
not  deeply  chipped.  Pitch  seams,  pitch  pocket, 
stain,  borer  holes  up  to  1/16  inch  across, 
open  defects  up  to  1/32  inch  wide,  and  open 
defects  requiring  plugs  up  to  2  inches  in 
diameter  were  allowed  on  the  face  side.  More 


open  defect,  including  chipped  knots,  borer 
galleries  up  to  1/4  inch  by  1  inch,  slight  wane 
edge,  and  machine  gouge,  was  allowed  on  the 
back  side. 

End  gluing  was  not  attempted  with  the  4/4 
material;  consequently,  cross  cutting  for 
added  recovery  was  not  considered.  It  is  be- 
lieved, however,  that  cross  cutting  and  end 
gluing  would  not  have  appreciably  increased 
the  recovery. 

Recovery  from  each  grade  of  4/4  test 
lumber  is  shown  in  table  12. 

The  ripped  material  was  laid  up  in  panel 
widths  equal  to  three  siding  widths  (fig.  18), 
and  edge  glued  with  a  phenol- resorcinol  resin 
glue.  The  working  face  of  each  panel  was  used 
as  a  reference  surface  to  obtain  flush  align- 
ment of  the  pieces.  The  panels  were  clamped 
in  hand  clamps  for  a  period  of  18-24  hours,  at 
a  room  temperature  of  approximately  70°  F. 
(fig.  19). 


Table   12.  --Recovery  of  overlaid  combination  siding-sheathing  from  4/4  common  lumber 


Lumber 
grade 


Initial 
volume 


Rip  loss 


Panel 
volume 


Manufacture  loss 


Rough  siding 


Finished  siding' 
coverage 


Bd.ft. 


Bd.ft.         Pet, 


Bd.ft. 


Bd.ft. 


Pet. 


Bd.ft. 


Sq.ft. 


3 

266 

30 

11.3 

2  36 

13 

4.9 

223 

208 

4 

268 

50 

18.7 

218 

21 

7.8 

197 

183 

5 

262 

98 

37.4 

164 

21 

8.0 

143 

132 

Total 

796 

178 

22.4 

618 

55 

6.9 

56  3 

523 

Attributable    to    kerf   losses,    panel  trim  loss,    open  glue  joint,    overlooked  defects,    etc. 

2 

Based  on  8-inch  by  8-foot   face  coverage  per  piece. 


Figure  19. — Edge- 
glued  panels  of 
4/4  stock  were 
hand  clamped  for 
18  to  24  hours. 


PANEL  LAYUP  DETAIL 


CONSTRUCTION  SPECIFICATIONS 


(1)    PANEL  OF  EDGE-GLUED  RANDOM-WIDTH  STOCK: 


STOCK  TO  HAVE  ONE  SOUND  FACE,  LIMITED 


OPEN  DEFECT  ON  REVERSE. 


(2)   ROUGH  PANEL  SIZE  26  INCHES  BY  8  FEET  1  INCH. 


(3)    FINISHED  THICKNESS    11/16  INCH. 


(4)   OVERLAY  BOTH  SIDES  WITH  KRAFT  SHEET, 


PHENOL  RESIN  ADHESIVE,  COLD  PRESS. 


(5)    RIP  TO  8h  INCH  ROUGH  WIDTHS. 


(6)    END  AND  EDGE  MATCH  AND  BEVEL  30  DEGREES 


TO  FORM  DRIP  EDGE. 


Figure   18. — Manufacturing  speo-ifi cations  developed 
for  overlaid  combination  siding-sheathing . 


M 1  1/16"  ^1 


CROSS-SECTION  SIDING  DETAIL 


29 


The  cured  panels  were  surfaced  to  a  fin- 
ished thickness  of  11/16  inch.  A  minimum 
cure  time  of  3  to  4  days  is  recommended  be- 
fore final  surfacing  of  glued  panels  to  prevent 
subsequent  sunken  glue  joints.  Panels  that  are 
appreciably  warped  or  cupped  may  need  to  be 
rough  ripped  and  face  jointed  in  siding  widths 
to  relieve  cupping. 

A  few  open  defects  purposely  left  in  the 
panels  were  drilled  out  and  plugged  with 
friction  plugs.  With  the  proper  equipment  for 
plugging,  the  process  appears  to  be  worthy  of 
consideration  for  commercial  application. 

Since  laboratory  equipment  limitations 
prohibited  overlaying  the  material  in  full 
panel  widths,  all  panels  were  first  ripped 
into  rough  siding  widths  of  8-1/2  inches.  Each 
piece  of  rough  siding  was  numbered  and 
photographed  to  provide  a  permanent  record 
of  defects  and  defect  location  (fig.  20),  The 
photographs  can  be  used  to  determine  the 
location  of  specific  defects  under  the  overlay 
sheet. 

The  completed  rough-width  siding  stock 
was  overlaid  front  and  back  with  the  resin- 
impregnated  kraft  overlay  material  previously 
described.     The     stock     was    double    spread 
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Figure  20. — The  rough-sized  edge-glued  siding 
stock  was  photographed  to  provide  a  record  of 
defeat  location. 


through  a  standard  18- inch  roller  spreader 
with  an  acid- catalyzed  phenol  resin  adhesive 
at  a  spread  of  30-35  pounds  per  M  square  feet 
of  glue  line.  The  overlay  sheets  were  applied 
to  each  side,  and  the  siding  was  placed  in  a 
cold  press  under  100  pounds  per  square  inch 
pressure  for  4  or  more  hours. 
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Figure  21. — Overlaid  ponderosa 
pine  siding-sheathing  makes 
up  part  of  the  wall  of  a 
recently  constructed  Forest 
Products  Laboratory  building. 


The  overlaid  stock  was  edge  and  end 
matched  with  standard  tongue  and  groove  to  a 
face  dimension  of  8  inches  wide  by  8  feet  long. 
A  7/ 16- inch  bevel  (approximately  30°)  was 
extended  from  the  base  of  the  tongue  to  the 
weather  face  (fig.  18)  to  provide  some  drip- 
edge  and  shadow-line  effect  (fig.  21). 

In  commercial  production,  many  of  the 
procedures  used  here  could  be  automated  or 
bypassed.  The  use  of  straight-line  rip  saws 
would  eliminate  the  need  for  edge  jointing 
layup  stock.  Material  could  go  from  rip  saw 
directly  to  automated  edge- glue  equipment. 
Mechanical  restraint  applied  to  the  faces  of 
panels  during  edge  gluing  would  help  obtain 
flush  alignment  of  the  boards  in  panels.  Edge- 
glued  panels  could  be  overlaid  before  being 
ripped  into  rough  siding  widths. 


Resawn  beveled  siding  production 

The  resawn  beveled  siding  proposed  for 
the  study  was  designed  to  utilize  5/4  common 
lumber  efficiently,  rather  than  the  6/4  lumber 
provided.  Consequently,  the  loss  in  volume 
experienced  was  considerably  greater  than 
would  occur  normally  with  5/4  stock. 

The  rough  6/4  test  lumber  available  was 
random-width  material  12  feet  long.  A  check 
of  moisture  content  showed  averages  of  10 
percent  on  the  surface  and  14  percent  at  the 
center  of  the  stock.  Both  center  and  surface 
readings  ranged  up  to  3  percent  above  and 
below  the  averages.  Since  the  material  was 
ultimately  to  be  resawn,  the  4  percent  mois- 
ture   gradient   was  considered  excessive  and 


likely  to  distort  the  resawn  material.  The 
overall  range  of  moisture  content  was  also 
greater  than  desirable.  To  reduce  the  varia- 
tion in  moisture  content,  reduce  moisture 
gradient,  and  relieve  any  severe  caseharden- 
ing,  the  material  was  equalized  and  condi- 
tioned in  a  kiln  according  to  the  schedule 
shown  in  table  13. 

After  conditioning,  sections  were  cut  from 
each  kiln  sample  for  stress  determination. 
The  samples  exhibited  very  slight  caseharden- 
ing,  a  desirable  condition  since  up  to  1/4  inch 
of  material  would  be  removed  from  each  face 
of  the  stock  during  siding  manufacture.  Aver- 
age moisture  content  of  the  stock  after  condi- 
tioning was  9.1  percent,  with  a  spread  of  0.7 
percent  among  six  samples. 

The  material  was  surfaced  on  two  sides, 
reducing  the  thickness  to  1-3/8  inches,  to 
facilitate  further  processing.  Had  the  material 
been  5/4  lumber,  only  one  working  face  would 
have  been  surfaced  initially.  Pieces  with  any 
tendency  to  cup  were  face  jointed  prior  to 
surfacing  to  thickness,  since  cupping  could 
ultimately  create  resawing  problems.  In  com- 
mercial production,  it  would  be  desirable  to 
joint  the  working  face  of  all  material. 

All  material  was  edge  jointed,  then  ran- 
dom-width ripped  and  cross  cut  for  recovery 
of  material  suitable  for  overlaying.  The  re- 
covery included  pieces  from  2  to  12  inches 
wide,  and  from  18  inches  to  8  feet  long. 

The  criteria  employed  in  determining  al- 
lowable defect  in  the  panels  were  essentially 
the  same  as  used  in  judging  the  4/4  material. 


Table  13.  --Equalizing  and  conditioning  schedule  for  6/4  ponderosa  pine 


WHEN: 

Desired  final 

Start  equalizing  when  driest  sample  reaches 
Stop  equalizing  when  wettest  sample  reaches 
Condition  at 


Percent 

Degrees  F. 

Percent 

10 

__ 

._ 

8 

160 

8 

10 

-- 

-- 

170 

13 

Source:     U.   S.    Forest  Service,   Forest  Products  Laboratory.     Detection  and  relief  of  caseharden- 
ing  and  final  moisture  content  tests  in  kiln-dried  lumber.     FPL  Tech.    Note  213,    6  pp.     Dec.    1958. 
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Table  14.  --Recovery  of  overlaid  resawn  beveled  siding  from  6/4  common  lumber 


Lumber 
grade 


Initial 
volume 


Cutting  loss 


Rough 

panel 

volume 


Manufacture  loss 


Rough  siding 


Finished  siding 
coverage 


Bd.ft. 


Bd.ft. 


Pet. 


Bd.ft. 


Bd.ft. 


Pet. 


Bd.ft. 


Sq.ft. 


3 

222 

52 

23.4 

170 

12 

5.4 

158 

171 

4 

204 

98 

48.0 

106 

12 

5.9 

94 

102 

5 

222 

116 

52.3 

106 

14 

6.3 

92 

100 

Total 

648 

266 

41.0 

382 

38 

5.9 

344 

373 

Attributable  to  kerf  losses,   panel  trim  loss,   overlooked  defects,    etc. 

Based  upon  1-1/2  inch  overlap  on  installed  siding,    or  8-inch  by  8-foot  face  coverage  per  piece. 


Defects  that  would  require  plugging,  however, 
were  not  allowed.  Also,  since  both  overlaid 
surfaces  became  weather  faces  in  the  finished 
product,  requirements  were  the  same  for  both 
faces. 

Recovery  from  each  grade  of  6/4  test 
lumber  is  shown  in  table  14. 

The  board  foot  volume  losses  reflected  in 
table  14  are  comparatively  large  for  two 
reasons: 

1.  The  use  of  6/4  material  entailed  starting 
with  thicker  test  lumber  than  could  effi- 
ciently be  utilized  by  the  siding  pattern. 

2.  The  material  was  similar  to  shop-grade 
lumber- -large  defects  extending  the  full 
width  of  the  piece--with  short  clear  sec- 
tions between.  Much  better  recovery  could 
be  obtained  from  typical  Common  grade 
lumber.  Much  of  the  grade  3  test  lumber 
approached  a  more  typical  Common  grade 
3,  a  fact  reflected  by  the  improved  re- 
covery from  that  grade. 

The  ripped  and  cross-cut  material  was 
laid  up  in  panel  widths  equal  to  two  siding 
widths  (fig.  22).  Full-length  pieces  were  laid 
at  each  edge  and  at  the  rip  line  of  the  panel, 
with  end-glued  courses  interspersed  between. 
A  double  tongue- and- groove  end  joint  was  em- 
ployed in  end  gluing  the  short  stock.  The  joint 
facilitates  end  gluing,  provides  a  smoother 
panel  face  by  holding  the  pieces  in  alignment, 
and  provides  an  added  degree  of  strength  in 
the  completed  panel. 

The  panels  were  end  and  edge  glued  with  a 
phenol  resorcinol  resin  glue  and  clamped  in 


hand  clamps  for  a  period  of  18-24  hours,  at  a 
room  temperature  of  approximately  70°  F. 

The  cured  panels  were  surfaced  to  a  fin- 
ished thickness  of  1-1/16  inches.  Equipment 
limitations  prohibited  overlaying  the  material 
in  panel  widths;  consequently,  all  panels  were 
ripped  into  rough- siding  widths  of  9-3/4  or 
10  inches  prior  to  overlaying.  Each  face  of 
the  double-thickness  siding  stock  was  num- 
bered and  photographed  as  a  permanent  rec- 
ord of  defect  location.  Typical  siding  stock, 
before  overlaying,  is  shown  in  figure  23. 

The  completed  double-thickness  siding 
stock  was  overlaid  on  both  faces  with  the  vul- 
canized fiber  overlay  material  previously  de- 
scribed. The  stock  was  double  spread  through 
a  standard  roller  spreader  with  an  acid- 
catalyzed  phenol  resin  adhesive  at  a  spread 
of  30-35  pounds  per  M  square  feet.  Overlay 
sheets  were  applied  to  each  face,  and  the 
overlaid  stock  was  cold  pressed  at  100  pounds 
per  square  inch  for  4  or  more  hours. 

The  overlaid  stock  was  end  matched  with  a 
double  tongue  and  groove  (fig.  24),  spaced  to 
allow  a  single  tongue  and  groove  to  remain  on 
each  piece  of  resawn  siding.  A  10-degree 
bevel  was  machined  on  each  longitudinal  edge 
to  provide  an  undershot  drip  edge  (fig.  22). 
The  stock  was  resawn  on  a  vertical  band  re- 
saw,  canted  to  produce  the  correct  bevel  in 
the  finished  product. 


Again,  much  of  the  procedure  employed  in 
manufacturing  this  product  could  be  simplified 
and  automated  in  commercial  production. 
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PANEL  LAYUP  DETAIL 


CONSTRUCTION  SPECIFICATIONS 

(1)  PANEL  OF  END-  AND  EDGE-GLUED    RANDOM-SIZE 

STOCK:    CONTINUOUS  LENGTHS  ALONG  EDGES 
AND  RIP  LINE. 

(2)  STOCK  TO  HAVE  TWO  SOUND  FACES. 

(3)  ROUGH  PANEL  SIZE  20  INCHES  BY  8  FEET  1  INCH. 

(4)  FINISHED  PANEL  THICKNESS    1-1    16  INCHES. 

(5)  OVERLAY  BOTH  SIDES  WITH  VULCANIZED  FIBER, 

PHENOL  RESIN  ADHESIVE.  COLD  PRESS. 

(6)  RIP  TO  9'i-INCH  ROUGH  WIDTHS. 

(7)  BEVEL  EDGES  10  DEGREES:    END  MATCH  WITH 

DOUBLE  TONGUE    AND  GROOVE. 

(8)  RESAW  STOCK  INTO  BEVELED  SIDING  PATTERN. 


Figure   22. — Manufacturing  specifications   developed 
for  overlaid  resaun  beveled  siding. 


CROSS-SECTION  OF  STOCK: 
RESAW  AND  BEVEL  DETAIL 
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Figure  23. — The  double -thickness 
siding  stock  was  photographed 
from  both  sides  before  it  was 
overlaid  to  provide  a  record  of 
defect  location. 


Figure  24. — The  overlaid  double- 
thickness  siding  stock  is  in- 
spected before  being  resawn 
into  standard  beveled  siding. 
Overlaid  -stock  is  end  matched 
with  a  double  tongue  and  groove 
spaced  to  allow  a  single  tongue 
and  groove  to  remain  on  each 
piece  of  resawn  siding. 


Figure  25. — Overlaid  bevel  siding 
is  also  in  use  on  exterior  of  a 
new  Forest  Products  Laboratory 
building. 


Overlaid  siding  evaluation 


Laminated  Flooring 


Both  overlaid  siding  products  were  manu- 
factured without  difficulty  with  very  basic 
equipment.  Much  of  the  equipment  used  was 
improvised,  or  was  designed  for  laboratory 
experimentation,  and  was  much  less  suitable 
for  the  job  than  would  be  properly  designed 
commercial  equipment.  Gluing  and  pressing 
procedures,  and  the  overlays  used,  appeared 
to  perform  well  and  to  provide  a  durable 
product  (fig.  25).  No  major  technological 
obstacles  are  foreseen  in  the  commercial 
production  of  either  type  of  overlaid  siding. 

The  manufacture  of  overlaid  products  of- 
fers particular  advantages  to  the  sawmill 
industry  because  it  can  readily  be  integrated 
with  sawmill  operation.  The  necessary  equip- 
ment requires  a  relatively  modest  capital  in- 
vestment, and  is  suitable  for  the  manufacture 
of  certain  other  cold-press  laminated  products 
as  well.  Automated  selective  cutting  equip- 
ment and  electronic  end-and-edge  glue  equip- 
ment is  becoming  commonplace  and  available 
in  units  adaptable  to  relatively  small  produc- 
tion. 

Experimental  overlaid  siding  products 
have  been  exposed  on  test  fences,  and  in 
service  on  buildings,  at  the  Forest  Products 
Laboratory  for  a  number  of  years.^  ^  Overlays 
such  as  those  used  in  the  study  have  exhibited 
excellent  resistance  to  deterioration,  paint- 
holding  ability  far  superior  to  wood,  and  high 
resistance  to  impact  damage  from  hail  stones 
or  similar  objects. 

In  addition  to  siding  products,  other  over- 
laid products  should  also  be  considered.  Over- 
laid panels  in  sizes  of  2  feet  by  8  feet  or 
larger  could  perhaps  find  a  substantial  market 
for  shelving,  cabinet  backing  and  interiors, 
and  other  construction  uses  where  sheathing- 
grade  materials  are  unsuitable.  With  a  selec- 
tive cutting  process,  a  high-grade,  clear,  non- 
overlaid  panel  product  may  also  be  feasible. 


^^Fleischer,  H.  0. ,  and  Heebink,  Bruce  G. 
Overlays  for  lumber — an  old  product  in  a  new 
dress.  U.  S.  Forest  Serv.  Forest  Prod.  Lab. 
Res.   Note   035,    11  pp.,   illus.      April   1964. 


Two  laminated  flooring  products  appeared 
to  offer  considerable  promise  in  utilizing 
low-grade  ponderosa  pine  lumber  and  veneer. 
The  two  products  specifically  considered  for 
demonstration  and  evaluation  include  a  three- 
ply  lumber-core  combination  subfloor  and 
underlayment,  and  a  two-ply  lumber-base 
finished  flooring.  These  products  utilize  lower 
grades  of  lumber  in  5/8-inch  and  25/32-inch 
thicknesses.  In  addition,  lumber-core  flooring 
would  utilize  ponderosa  pine  face  and  back 
veneers.  Both  products  would  be  well  suited 
for  inclusion  in  a  coordinated  component 
construction  system. 

Lumber- core  laminated  flooring  was  con- 
ceived as  a  dual-purpose  product,  combining 
the  functions  of  subfloor  and  underlayment  in 
a  single  panel.  It  would  thus  serve  the  same 
functions  as  commercially  available  combina- 
tion subfloor-underlayment  products  currently 
in  wide  use.  Initial  computations  indicated  that 
a  panel  using  standard  2 5/ 32- inch  lumber  as 
a  core,  with  face  and  back  plies  of  pine  veneer 
approximately  0.234  inch  thick,  would  match 
the  stiffness  of  commercial  dual-purpose  ply- 
woods. Consequently,  demonstration  panels 
were  constructed  from  grades  3,  4,  and  5 
common  25/32-inch  lumber,  and  ponderosa 
pine  veneer  initially  cut  3/10  inch  thick,  as 
previously  discussed.  Since  particular  inter- 
est had  been  expressed  in  using  4-foot  veneer, 
the  product  was  designed  to  span  a  single  joist 
opening,  with  joists  or  beams  placed  on  4-foot 
centers.  This  would  allow  production  of  an 
8-foot  by  4-foot  panel  from  4-foot  veneer, 
with  the  8-foot  panel  dimension  parallel  to  the 
joists.  Tongue -and- groove  matching  on  the 
unsupported  or  4-foot  ends  was  added  to 
eliminate  the  need  for  blocking. 

A  finished  flooring  product,  called  Flex- 
floor,  was  developed  by  the  Forest  Products 
Laboratory  several  years  ago  to  utilize  low- 
grade  softwood  lumber.  Flex-floor  consists  of 
a  l/8-inch  hardwood  face  veneer  cross  lam- 
inated to  a  low-grade  softwood  backing  of 
5/8-inch  lumber.  The  backing  is  grooved  by 
sawing  kerfs  at  frequent  intervals  to  give  the 
material  a  degree  of  flexibility.  The  product 
can  be  made  in  rather  large  sections,  and 
can   be  V- grooved  to  simulate  random- width 
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planking.  It  is  particularly  well  suited  to 
laying  on  concrete  with  an  adhesive,  a  fea- 
ture that  should  prove  attractive  in  the  con- 
crete-slab type  construction  common  in  the 
Southwest'. 


Lumber- core  flooring  production 

The  lumber- core  subfloor-underlayment 
panels  constructed  for  demonstration  and 
testing  purposes  were  made  48  inches  long 
and  40  inches  long  (rather  than  8  feet)  to  fa- 
cilitate manufacture  and  handling  with  labora- 
tory equipment.  Figure  26  illustrates  the 
construction  details  of  the  panels. 

The  demonstration  panels  were  constructed 
of  low-grade  4/4  lumber  remaining  from 
earlier  siding  experiments,  and  the  3/10-inch 
ponderosa  pine  veneer  previously  produced 
from  the  low-grade  veneer  logs.  The  rough 
lumber -core  stock  was  equalized  and  condi- 
tioned in  a  dry  kiln  to  7-9  percent  moisture 
content,  a  level  considered  necessary  for  the 
plywoodlike  type  of  construction  involved. 

The  conditioned  material  was  ripped  ran- 
dom width  to  remove  open  defects,  face 
jointed,  and  surfaced  to  25/32-inch  thickness. 

Only  open  defects  were  removed  in  ripping; 
all  sound  defects  such  as  knots,  stain,  and 
pitch  streaks  were  allowed  to  remain  in  the 
material,  as  were  small  open  defects  such  as 
borer  holes,  splits,  and  torn  grain.  A  repre- 
sentative indication  of  material  recovery 
could  not  be  obtained,  since  the  lumber  being 
used  was  largely  scrap  and  short  boards  of 
odd  lengths,  but  an  estimated  surface  area 
loss  of  10  percent  was  sustained  in  ripping 
out  open  defects.  This  figure  is  generally  rep- 
resentative of  the  loss  that  would  be  sustained 
in  a  production  process. 

The  edges  of  the  material  were  neither 
jointed  nor  surfaced  unless  an  open  joint 
greater  than  1/16  inch  resulted  from  laying 
up  rough  stock.  Slightly  loose  or  relieved 
joints  provided  between  core  stock  pieces  by 
the  rough- sawn  edges  were  considered  de- 
sirable. Slightly  open  joints  may  help  relieve 
glue-line  stress  as  the  panel  changes  moisture 
content  in  use. 


Face  and  back  3/10-inch  veneer  was  sorted 
and  clipped  to  rough  panel  dimensions.  Panel 
faces  were  required  to  be  free  of  open  de- 
fects, except  for  splits  or  other  small  defects 
not  exceeding  1/16  inch  in  width.  Some  face 
veneers  with  open  defects  were  purposely 
included  for  subsequent  patching  tests  with 
epoxy  resin.  Back  veneer  was  allowed  to 
contain  open  defects  without  restriction. 

The  panels  were  double  spread  with  70 
pounds  of  a  phenol- resorcinol  adhesive  per 
M  square  feet  of  glue  line.  The  face  and  back 
veneer  sheets  were  spread  by  hand  roller 
while  the  core  stock  was  passed  through  a 
conventional  roller  spreader.  The  laid-up 
panels  were  cold  pressed  at  150  pounds  per 
square  inch  for  a  period  of  12  hours  or  more 
(fig.  27). 

The  panels  were  then  trimmed,  and  the  few 
included  open  defects  in  face  veneers  were 
patched  with  an  epoxy  resin-wood  flour  patch- 
ing compound.  The  panels  were  sanded  by 
stages  to  determine  the  depth  of  sanding  cut 
necessary  to  achieve  a  suitable  face  and  thick- 
ness. The  same  amount  was  removed  from 
both  front  and  back  veneers  to  retain  a  bal- 
anced construction.  After  removal  of  approx- 
imately 0.030  inch  of  material  from  each 
panel  surface,  the  surfaces  were  judged  suit- 
able for  the  use  intended.  The  finished  panels 
measured  1.330  to  1.339  inches  in  thickness. 
On  the  basis  of  sanding  allowance  alone,  a 
green  veneer  thickness  of  0.275  inch  rather 
than  0.300  inch  appears  adequate  for  produc- 
tion of  a  finished,  touch-sanded,  1-1/4-inch 
panel. 

The  panels  were  sanded  without  difficulty, 
except  that  the  high  pitch  content  of  the  pon- 
derosa pine  plugged  the  closed- coat  paper 
quickly.  Again,  this  could  be  avoided  through 
the  use  of  open- coat  paper  and  wide-belt 
Sanders.  Slight  surface  shelling  visible  on  the 
face  of  some  finished  panels  was  attributed  in 
part  to  repeated  sanding  necessitated  by  the 
partially  plugged  paper.  The  epoxy  resin- 
wood  flour  patches  used  in  several  panel 
faces  were  sanded  without  difficulty  and  ap- 
peared to  perform  quite  well. 

The  finished  panels  were  end  matched  with 
the    tongue- and- groove    joint    illustrated     in 
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PANEL  CONSTRUCTION  DETAIL 


CONSTRUCTION  SPECIFICATIONS 


(1)  CORE  STOCK  25/32-INCH  S2S  LOW-GRADE 

LUMBER:  ONE  SOUND  FACE  REQUIRED. 

(2)  PANEL  FACE  AND  BACK  3/10-lNCH  VENEER: 

OPEN  DEFECT  ALLOWED  IN  BACK. 

(3)  DOUBLE  SPREAD  LOOSE  CORE  STOCK  AND 

VENEERS:    PHENOL  RESORCINOL  ADHESIVE, 
70  LBS./M.  SQ.  FT. 

(4)  ASSEMBLE,  COLD  PRESS  AT  ROOM  TEMPERATURE, 

150-175  P.S.I. ,    12  HOURS  OR  MORE. 

(5)  TRIM,  SAND  TO  I'i-INCH  FINISHED  THICKNESS. 

(6)  TONGUE  AND  GROOVE  PANEL  ENDS  PARALLEL 

TO  FACE    GRAIN. 


LUMBER  CORE 


■  if '  i-ii'i^. 
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Figure   26. — Manufacturing  speaifiaations  developed 
for  lumber  core   laminated  flooring. 


TONGUE  AND  GROOVE  DETAIL 


figure  26.  This  joint  was  designed  to  maintain 
flush  surface  alignment  of  the  installed  panels, 
and  eliminate  the  need  for  blocking  under 
panel  end  joints. 


Lumber- core  flooring  tests  and  evaluation 

Since  the  product  was  designed  to  be  used 
in  a  load-bearing  application,  certain  stiffness 


and  strength  properties  were  required  for 
adequate  performance.  Stiffness  and  strength 
tests  were  performed  on  randomly  selected 
panel  sections  10-1/2  inches  wide  (fig.  28). 
Twelve  such  specimens  were  tested,  with  the 
results  shown  in  table  15. 

While  the  number  of  test  specimens  was 
insufficient  for  an  extensive  evaluation,  the 
test  results  were  rather  constant.  They  indi- 
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Figure  27. — A  preasseynbled  lumber- 
core  flooring  panel  is  placed  in 
the  cold  press. 


Table  1  5. --Physical  characteristics  of  three-ply  lumber-core  flooring 
made  of  low-grade  ponderosa  pine 


Bending  stiffness, 

Specinnen 

No. 

D 

epth 

Width 
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Moisture 
content 
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gravity 

Modulus 

of 
rupture 

based  on  de 

flections-- 
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between 

Between 
load  points 

supports 

(pure) 

_    _    _ 

Inches    - 

-   - 
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Lbs.  /sq.  in 

Lbs.  -inches2 

per  inch 

of  width 

1-2 

336 

10.  41 

48.09 

10. 

5 

0 

.403 

4,000 

154,600 

156,000 

3-2 

336 

10.  42 

48.  10 

10. 

7 

.406 

2,850 

155,800 

169,000 

3-3 

335 

10.  42 

48.  10 

10. 

8 

.  409 

3,  310 

160,400 

173,000 

3-4 

3  32 

10.  39 

48.  10 

10. 

3 

.  412 

2,350 

139,000 

137,200 

6-3 

335 

10.41 

48.  08 

10. 

5 

.405 

3,250 

133,500 

141,000 

6-4 

333 

10.43 

48.  10 

10. 

5 

.399 

2.400 

146,000 

162,000 

7-2 

337 

10.41 

48.09 

10. 

3 

.422 

2,440 

152,000 

171,000 

7-3 

339 

10.42 

48.  10 

10. 

4 

.418 

3,  160 

150,000 

162, 500 

8-2 

338 

10.  42 

48.  07 

10. 

9 

.404 

3,000 

1 58,000 

175,000 

8-4 

329 

10.43 

48.  10 

10. 

7 

.398 

5,220 

170,500 

181,400 

10-2 

339 

10.40 

45.00 

10. 

1 

.421 

2,  500 

113,200 

120,500 

10-4 

330 

10,43 

45.02 

10. 

3 

.411 

3,  1  10 

120,200 

126, 000 

Average 

-- 

-- 

-- 

10. 

5 

.409 

3,  130 

146,100 

156,200 

Figure  28. — A  laminated  Iwnber-core 
flooring  panel  positioned  in  a 
mechanical  testing  machine. 


cate  that  both  stiffness  and  strength  are  ma- 
terially affected  by  the  presence  of  knots  and 
associated  areas  of  short  grain.  The  inter- 
grown  knots  of  ponderosa  pine  characteris- 
tically have  associated  with  them  large  areas 
of  irregular  or  short  grain.  All  of  the  test 
specimens  failed  suddenly  in  the  wood  on  the 
tension  side,  with  no  indication  of  gradual 
compression  failure.  Failure  occurred  in  an 
area  of  short  grain  in  each  instance  (fig.  29). 

The  test  data  indicate  that  the  stiffness  of 
the  material  is  about  71  percent  of  that  ex- 
pected for  the  species,  and  modulus  of  rupture 
is  about  one-third  of  the  average  for  the  spe- 
cies. Furthermore,  the  brash  tension  failures 
indicate  that  the  impact  strength  of  the  ply- 
wood would  be  quite  low.  As  designed,  the 
product  is  definitely  unsuitable  for  the  load- 
bearing  uses  intended.  To  be  suitable,  either 
redesign  or  stricter  limitations  upon  allow- 
able defect  is  necessary. 

Redesign  of  the  product  was  considered, 
on  the  basis  of  the  strength  and  stiffness  data 
developed  in  the  tests.  It  was  found  that  face 
plies  1/2  inch  thick  would  be  required  to  ob- 
tain the  deflection  characteristics  of  commer- 
cially available  combination  flooring  products. 
An  alternative  design  with  acceptable  deflec- 
tion characteristics  would  require  a  1-1/8- 
inch  lumber  core  between  3/8-inch  face 
veneers.  Neither  of  these  alternatives  appears 
to  be  practically  feasible,  A  more  feasible 
alternative  would  be  to  reverse  the  8-foot 
direction  of  the  panel,  so  it  would  span  two 
joist  openings  with  the  grain  direction  of  the 
face  veneers.   This  would  require  8-foot  face 


veneers,  cut  to  the  3/10-inch  thickness  orig- 
inally specified.  The  performance  of  the 
product  used  in  this  manner  would  still  de- 
pend heavily  upon  the  quality  of  face  veneers 
used.  It  appears  that  any  load-bearing  appli- 
cation of  the  product  will  require  stringent 
limitations  upon  allowable  defect  (especially 
knots)  in  the  veneers  used. 

The  basic  concept  of  cross  laminating 
thick  veneers  to  lumber  raises  questions  of 
dimensional  stability,  glue-line  integrity,  and 
face  checking  resulting  from  exposure  to 
changing  environmental  conditions.  To  eval- 
uate these  factors,  six  4-foot  test  specimens 
were  cycled  between  80  percent  and  30  per- 
cent relative  humidity  conditions,  at  a  tem- 
perature of  80°  F,  Moisture  content,  glue-line 
integrity,  face  checking,  bow,  and  dimensional 
change  were  recorded  after  exposure  for  4 
months  to  each  set  of  conditions. 

Panels  in  equilibrium  at  80  percent  rela- 
tive humidity  rose  from  7  percent  to  13.5 
percent  moisture  content.  No  delamination  or 
face  checking  occurred.  The  panels  exhibited 
an  average  bow  of  0.02  inch,  and  maximum  of 
0,04  inch,  over  a  42-inch  span.  The  panels 
did,  however,  develop  a  slight  waviness  asso- 
ciated with  the  grain  of  the  core  stock.  The 
waviness  was  sufficient  to  cause  misalignment 
of  the  tongue  and  groove  on  unjointed  panels. 
As  a  result,  a  longer,  more  tapered  tongue 
was  incorporated  in  the  design  (see  fig.  26). 

The  panels  increased  1.9  percent  in  thick- 
ness and  0.12  percent  in  length,  under  80 
percent  relative  humidity  conditions.  The  0.12 


Figure  29. — These  laminated  floov- 
ing  test  specimens  show  tension 
failure  in  areas  of  short  grain. 


percent  increase  in  length  would  result  in  an 
increase  of  about  1/16  inch  over  a  4-foot 
span,  well  within  acceptable  limits. 

The  same  panels  in  equilibrium  at  30  per- 
cent relative  humidity  dropped  to  6  percent 
moisture  content.  No  delamination  occurred. 
An  average  of  six  small  checks,  none  exceed- 
ing 1/32  inch  in  width,  formed  on  the  panel 
faces.  Checks  of  this  size  are  quite  accept- 
able. Bow  dropped  to  a  maximum  of  0.025 
inch  over  a  42-inch  span.  Waviness  and  asso- 
ciated tongue  and  groove  distortion  disap- 
peared, for  all  practical  purposes.  Panel 
thickness  and  length  returned  to  within  0.1 
percent  of  original  dimensions. 

The  single  significant  limitation  indicated 
by  the  tests  was  the  tendency  of  panels  to 
develop  short  waves  at  high  humidity.  Limit- 
ing the  width  of  core  stock  to  a  maximum  of 
perhaps  6  inches  should  reduce  this  tendency 
to  allowable  limits. 

The  design  concept  used  in  developing  this 
product  appears  to  be  entirely  valid.  With  the 
exception  of  the  strength  and  stiffness  defi- 
ciencies induced  by  the  quality  of  material 
used,  the  product  appears  to  perform  satis- 
factorily. As  previously  pointed  out,  strength 
and  stiffness  deficiencies  seriously  curtail 
the  use  of  the  product  in  load-bearing  appli- 
cations. Potential  uses  for  the  product  will 
depend  heavily  upon  the  quality  of  face  veneers 
available  for  use. 


Flex-floor  finished  flooring 

The  finished  flooring  product  previously 
described.  Flex-floor,  is  especially  adapted 
to  laying  over  concrete  floors,  although  it  can 
be  laid  over  any  type  of  subfloor.  Its  adapta- 
bility to  concrete  subfloors  should  prove 
particularly  attractive  in  concrete  slab-type 
construction. 

A  sufficient  quantity  of  Flex-floor  was 
manufactured  to  demonstrate  the  possibility 
of  using  low-grade  ponderosa  pine  lumber  as 
backing  material.  Chestnut  oak  flitches  were 
sliced  to  provide  face  veneer  for  the  Flex- 
floor.  The  veneer  was  sliced  1/7  inch  thick  to 
provide  allowance  for  drying  shrinkage,  press 


compression,  and  sanding.  In  addition,  some 
rotary- cut  birch  veneer  was  used  on  a  portion 
of  the  flooring.  Trimmings  from  the  grade  3, 
4,  and  5  common  ponderosa  pine  lumber  pro- 
vided for  overlaying  were  used  for  backing 
material. 

The  rough  4/4  backing  stock  was  placed  in 
a  dry  kiln  for  equalizing  and  conditioning  to 
7-9  percent  moisture  content,  then  ripped  to 
remove  open  defects,  face  and  edge  jointed, 
and  surfaced  to  5/ 8- inch  thickness.  All  sound 
defects  were  allowed  to  remain  in  the  stock 
as  were  slight  open  defects,  such  as  splits, 
borer  holes,  and  torn  grain. 

Since  the  material  being  used  was  prin- 
cipally small  stock  of  odd  dimensions,  a  rep- 
resentative volume  recovery  determination 
could  not  be  obtained.  Less  than  10  percent  of 
the  initial  surface  area  was  lost  in  ripping  out 
open  defects,  however. 

The  base  stock  was  laid  up  in  rough  panels 
21  by  75  inches  (fig.  30),  which  yielded  two 
9-  by  72-inch  units  of  finished  flooring. 

The  double-width  panels  were  bonded  with 
an  acid- catalyzed  phenol-resin  adhesive,  with 
a  single  spread  of  55-60  pounds  per  M  square 
feet  of  glue  line.  The  base  stock  was  laid  out 
loose  on  a  metal  caul,  and  one  edge  was 
aligned  with  a  straightedge.  The  adhesive  was 
applied  to  the  face  veneer  by  hand  roller,  and 
the  veneer  was  placed  on  the  loose  panel  of 
base  stock  (fig.  31).  The  laid-up  panels  were 
cold  pressed  at  a  pressure  of  150-175  pounds 
per  square  inch  for  12  or  more  hours. 

After  removal  from  the  press,  the  cured 
panels  were  face  sanded  lightly  to  provide  a 
suitable  surface  for  finishing,  then  ripped 
down  the  center  line  to  form  two  single  units 
of  flooring.  The  flooring  was  trimmed  and 
edge  jointed,  then  end  and  edge  matched  with 
standard  1/4- inch  tongue  and  groove,  which 
left  a  finished  face  dimension  of  9  by  72 
inches. 

The  flooring  face  veneer  was  V- grooved  in 
a  random-width  pattern  to  simulate  random- 
width  planking.  The  groove  pattern  was  posi- 
tioned on  the  flooring  so  that  a  V- groove 
coincided  with  each  edge  glue  line,  to  provide 
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Figure   30. — Manufacturing  specifications  developed 
for  Flex-floor  laminated  finished  flooring. 


^'"  mH. 


PANEL  LAYUP  DETAIL 


CONSTRUCTION  SPECIFICATIONS 


(1)  LOW-GRADE  S4S  5/8-INCH  BASE  STOCK  LAID  UP 

LOOSE  IN  2MHCH    BY  75-INCH  PANELS. 

(2)  HARDWOOD  1/7-INCH  FACE  VENEER  SINGLE 

SPREAD  WITH  PHENOL  RESIN  ADHESIVE, 
55-60  LBS./M.  SQ.FT. 

(3)  ASSEMBLE,  COLD  PRESS  AT  ROOM 

TEMPERATURE,  150-175  P.S.I.,  12  HOWIS 
OR  MORE. 
'4)   FINISH  SAND  FACE  VENEER,  RIP  PANELS  DOWN 
CENTER,  TRIM,  EDGE-JOINT  FLOORING 
WIDTHS. 

(5)  END-  AND  EDGE-  MATCH  WITH  TONGUE  AND 

GROOVE. 

(6)  SAW  KERF  BASE  MATERIAL  AT  I'i-INCH 

INTERVALS. 

(7)  CHAMFER  FACE  EDGES  AND  ENDS,  AND 

VET-GROOVE  FACE  VENEER  AS  DESIRED. 

(8)  PREFINISH  AS  DESIRED. 


SAW  KERFS 


CONSTRUCTION  DETAIL 


a  logical  break  between  grain  patterns.  Re- 
maining V- grooves  were  allowed  to  fall  at 
random  in  single  veneer  strips. 


The  base  stock  was  grooved  with  1/8-inch 
saw  kerfs  on  1-1/ 4- inch  centers  across  the 
direction   of  face  veneer  grain  (see  fig.  30). 
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Figure  31. — Base  stock  for  Flex- floor  was  laid 
up  in  double  flooring  widths;  hardwood  face 
veneer  was  then  spread  with  adhesive  and 
applied  to  the  base  stock. 


Figure  32. — Flex- floor  laid  over  a  standard 
plywood  sub  floor.  The  reversed  section  of 
flooring  shows  the  flexibility  of  the  kerfed 
low-grade  ponderosa  pine  base  stock. 


The  kerfs  were  cut  9/16  inch  deep,  to  within 
1/16  inch  of  the  face  veneer. 


PLANT  EQUIPMENT  AND  CAPITAL 
INVESTMENT  REQUIREMENTS 


The  completed  flooring  was  prefinished  by 
filling,  sealing,  and  waxing  (fig.  32),  Since  the 
flooring  is  of  uniform  thickness,  edge  and  end 
matched,  and  in  large  pieces,  it  can  be  pre- 
finished without  difficulty. 

Flex-floor  can  be  produced  in  a  wide  vari- 
ety of  sizes  and  styles,  with  a  minimum  of 
production  detail.  Its  production  can  be  read- 
ily integrated  with  other  cut  stock  and  lam- 
inating processes  such  as  overlaid  product 
manufacture.  For  production  of  Flex-floor  in 
the  Southwest,  hardwood  face  veneers  would 
have  to  be  "imported";  this  is  common  prac- 
tice in  the  plywood  industry,  however. 


The  plant  equipment  and  investment  re- 
quired to  manufacture  a  product  in  econom- 
ically practical  quantities  depends  a  great 
deal  upon  the  "minimum  economic  size"  of 
operation  for  the  particular  industry.  Gener- 
ally, the  minimum  economic  size  of  operation 
is  not  fixed,  but  varies  with  the  production 
process,  production  and  marketing  conditions, 
and  external  cost  factors.  Qualifying  assump- 
tions are  necessary.  There  is  a  wide  range  of 
operating  modes  and  equipment  for  any  pro- 
duction operation.  Most  items  of  heavy  equip- 
ment are  available  in  a  variety  of  sizes, 
styles,  and  capacities.  Some  manufacturing 
processes,    such   as  sawmilling,  are  accom- 
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plished  with  rather  uniform  standardized 
items  and  groupings  of  equipment.  Even  in 
such  standardized  processes,  however,  a  wide 
range  of  automation  and  equipment  capacity 
is  available  that  materially  affects  capital 
investment. 

To  determine  the  equipment  and  invest- 
ment needed  for  a  plant,  it  is  necessary  to 
establish  an  operational  design  technically 
and  economically  suited  to  local  conditions. 
The  investment  needed  to  establish  an  opera- 
tion varies  with: 

1.  Size  and  quality  of  raw  material. 

2.  Degree  of  integration  with  existing  indus- 
tries or  processes. 

3.  Local  availability  of  power  and  labor. 

4.  Effect  of  labor  costs  upon  degree  of  auto- 
mation desired. 

5.  Relative  location  with  respect  to  raw  ma- 
terial and  markets. 

Equipment  and  investment  estimates  can 
furnish  only  broad  guidelines,  subject  to  wide 
variation.  For  any  given  type  of  product, 
however,  there  exists  a  minimum  economic 
size  of  operation  dictated  by  the  nature  of  the 
process  and  the  minimal  equipment  required 
to  produce  at  all.  Most  manufacturing  indus- 
tries recognize  such  a  minimum  plant  size. 
This  minimum  size  tends  to  become  larger 
as  the  industry  grows  and  the  process  be- 
comes more  intricate  and  refined.  It  is  with 
such  a  "minimum  economic  size"  in  mind 
that  the  following  equipment  requirements  and 
investment  costs  are  presented. 

For  items  of  equipment  that  are  relatively 
standardized,  an  average  installed  cost  is 
shown.  Some  items  of  equipment,  however, 
are  available  in  such  a  wide  range  of  varieties 
and  sizes  that  an  "average"  cost  becomes 
meaningless.  For  such  equipment,  no  cost  is 
shown.  It  must  be  emphasized  that  the  plant 
equipment  costs  presented  are  averages,  are 
based  upon  the  minimum  economic  size  of 
efficient  plant  generally  recognized  by  indus- 
try, and  are  subject  to  frequent  change. 


Veneer  and  Plywood 

The  following  equipment  requirements  are 
considered  minimum  for  a  softwood  plywood 


plant  that  utilizes  4-foot  veneer  bolts  to 
produce  approximately  25  million  square  feet 
(3/ 8- inch  standard)  per  year  for  a  specialized 
product  such  as  underlayment,  in  a  4-foot  by 
4-foot  panel  size: 

Plant  equipment,  softwood  plywood, 
4-foot  by  4-foot  panel 


Quantity             Equipment              Installed  cost 

Block  and  log  handling 

$  25,000 

3      Heating  vats 

20,000 

Block  handling  to  lathe 

5,000 

1      Lathe,  54  inches 

40,000 

1      AC-DC  lathe  drive 

12,000 

Veneer  conveyor  system 

and  grading  table 

25,000 

2      Automatic  green  clipper. 

54  inches 

14,000 

1      Scrap  conveyor  from  lathe 

6,000 

1      Automatic  knife  grinder, 

54  inches 

6,000 

1      Roller  conveyor  veneer 

dryer 

120,000 

1       Automatic  moisture 

detection  system 

6,000 

1      Dryer  unloader  conveyor 

5,000 

1       Dry  sizing  clipper, 

54  inches 

2,000 

1       Patch  blanking  saw 

2,000 

1      Veneer  patcher  with 

gravity  rolls 

13,000 

1       Patcher  scissors  lift 

1,000 

1      Veneer  jointer,  54  inches 

8,000 

1      Tapeless  veneer  splicer 

6,000 

1      Glue  mixer 

3,000 

1      Hot  plate  press,  multiple 

opening,  4'  x  4' 

60,000 

1      Wide  belt  sander 

25,000 

1      Hydraulic  elevator  at 

hot  plate  press 

6,000 

2       Fork  lift  trucks 

18,000 

1      Glue  storage  tank 

11,000 

Misc.  hand  trucks,  pellets 

1,000 

Building  with  60,000  sq.  ft.  of 
floor  space,  equipped  with 
sprinkling  system,  lighting, 
concrete  floor  and  machine 
foundations,  electrical 
wiring,  and  steam  piping 
to  vats  and  press 


-  4: 


Plant  equipment,  softwood  plywood, 
4-foot  by  4-foot  panel 


Quantity     Optional  equipment     Installed  cost 

1 

Automatic  block-centering 

device  and  lathe  charger 

20,000 

Core  conveyor  from  lathe 

5,000 

Scrap  conveyor  from 

clipper 

8,000 

Wet  veneer  chipper 

24,000 

Core  chipper 

16,000 

Blow  system,  chippers  to 

car 

16,000 

Dryer  feeder 

24,000 

Dryer  unloader 

14,000 

Hot  press  load  trim 

band  saw 

1,000 

1 

Air  compressor  and  tank 

8,000 

A  plant  of  this  size  would  probably  prove 
too  small  for  production  of  standard  products 
such  as  sheathing,  in  a  highly  competitive 
market.  Most  of  the  softwood  plywood  plants 
recently  constructed  to  produce  such  standard 
products  have  been  designed  for  annual  output 
capacities  3  to  4  times  greater  than  this,  and 
have  entailed  investment  costs  of  from  2  to  10 
million  dollars. 

The  optional  equipment  listed  is  consid- 
ered desirable  as  an  addition  to  the  minimal 
equipment.  Its  use  could  materially  reduce 
labor  costs,  and  more  fully  realize  the  capa- 
city potential  of  the  basic  equipment. 


Laminated  Beams 

If  vertical  lamination  of  low-grade  lumber 
to  produce  construction  beams  can  be  inte- 
grated with  an  existing  sawmill  operation,  the 
amount  of  equipment  initially  required  will  be 
materially  reduced. 

In  defining  minimum  equipment  require- 
ments for  a  laminating  operation,  it  was  as- 
sumed that  an  existing  kiln  would  be  used  to 
reduce  the  moisture  content  of  the  material  to 
8-10  percent.  It  was  also  assumed  that  the 
material  would  be  surfaced  on  two  sides  with 
existing  planer  facilities,  and  would  not  be 
surfaced  again  prior  to  laminating.  Tests  in- 
dicate this  would  be  feasible.  The  beams  are 


designed  to  be  constructed  of  full-length  lam- 
inations; therefore,  scarf-joint  and  finger- 
joint  equipment  is  not  essential,  although  it 
might  be  advantageous. 

The  suggested  minimum  economic  size 
plant  should  be  able  to  process  4,800  board 
feet  of  material  per  8-hour  day.  The  equip- 
ment considered  necessary  for  this  size  of 
operation  is  listed  in  the  following  tabulation: 

Plant  equipment,  beam  lamination 
Quantity  Equipment  Installed  cost 

1  Glue  spreader,  18  inches        $  1,600 

200  ft.  Roller  bed,  14  inches  500 

200  ft.  Screw  clamps  and 

carrier  run  5,000 

1  Compressor  and  tank  1,000 

2  Pneumatic  wrenches  500 
1  Glue  mixer  500 

200  ft.  Jigs  to  retain  output  under 
pressure,  4  sq.  ft. 
cross  section  4,000 

1        Overhead  block  and  tackle, 

overhead  rail  5,500 

1        Cabinet  surfacer  or 

heavy  duty  jointer  6,000 

Hand  Sanders,  drills,  saws  800 

Misc.  brushes,  benches, 

tables,  tools,  equipment  1,400 

Building  with  10,000  sq.ft. 
of  floor  area,  concrete 
floor 

In  addition,  if  the  beams  are  subjected  to 
nondestructive  stiffness  testing,  the  cost  of 
installing  and  using  such  equipment  must  be 
considered.  An  end  coating  such  as  paraffin 
should  be  applied  to  the  ends  of  beams  prior 
to  shipment;  however,  for  limited  production 
such  end  coatings  can  be  applied  effectively 
by  hand. 

The  equipment  indicated  above  is  in  gen- 
eral specifically  adapted  to  laminated  beam 
production.  Greater  production  versatility 
could  be  achieved,  however,  by  using  some 
less  specialized  equipment  with  a  wider  range 
of  product  capabilities.  The  following  section 
is  concerned  with  equipment  suited  to  a  vari- 
ety of  cold  press  and  laminated  products,  and 
indicates  how  beam  production  can  be  inte- 
grated with  the  production  of  other  products. 
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Cold  Press  Overlaying  and  Laminates 

The  production  of  cut  stock,  end- and- edge 
glued  overlaid  products,  or  laminated  flooring 
products  can  be  integrated  quite  effectively 
with  a  sawmill  operation.  A  wider  range  of 
end  products  provides  the  means  for  utilizing 
varying  qualities  of  material,  which  can  in 
turn  lead  to  reduced  unit  costs  in  overhead, 
logging,  and  service  functions.  A  single  sales 
organization  can  also  effectively  develop  sales 
of  products  closely  related  in  end  use. 

The  basic  items  of  equipment  used  in  pro- 
ducing many  secondary  mill  products  are 
highly  versatile  and  applicable  to  the  produc- 
tion of  a  wide  range  of  products.  For  example, 
cut  stock,  end-and-edge  glued  overlaid  prod- 
ucts, laminated  flooring  products,  and  small 
laminated  beams  can  be  produced  with  minor 
variations  of  the  same  basic  equipment.  This 
provides  a  high  degree  of  production  versa- 
tility, an  important  feature  in  patterning 
production  to  meet  changing  market  demands. 

In  view  of  the  interrelated  equipment  re- 
quirements, the  production  of  overlaid  siding 
products  and  laminated  flooring  products  can 
be  considered  as  a  single  enterprise.  Fur- 
thermore, the  equipment  involved  also  pro- 
vides some  capability  to  produce  laminated 
beams.  Mixed  production  or  frequent  produc- 
tion changes  from  one  type  of  product  to 
another  would  probably  prove  impractical 
since  different  adhesives,  spreader  roll  con- 
figurations, and  equipment  preparations  are 
involved.  A  basic  capability  to  change  from 
one  type  of  product  to  another,  in  response  to 
market  changes  or  other  criteria,  however, 
is  invaluable.  The  basic  production  line  and 
equipment  can  be  converted  from  one  product 
to  another  relatively  quickly  and  inexpensively. 

In  considering  the  minimal  equipment 
necessary  to  produce  overlaid  and  laminated 
products,  preference  was  given  to  versatile 
types  of  equipment.  The  equipment  required 
to  produce  overlaid  siding  products  and  lam- 
inated flooring  products  is  listed  in  table  16. 
Laminated  beams,  covered  separately  in  the 
previous  section,  are  again  included  here, 
since  the  basic  equipment  also  provides  some 
capability  for  their  production.  The  range  of 
versatility  associated  with  each  item  of  equip- 
ment is  indicated. 


In  addition  to  the  equipment  listed,  hand- 
ling and  packaging  equipment  not  already 
available  must  be  considered. 

The  inherent  versatility  of  the  equipment 
can  be  further  enhanced  by  a  plant  layout  that 
minimizes  rearrangement  for  specific  prod- 
ucts. Figure  33  presents  in  schematic  form  a 
production  flow  system  designed  to  utilize  the 
equipment  listed,  and  facilitate  production  of 
any  of  the  products  considered. 


Particle  Board 

Low-quality  ponderosa  pine  material  can 
be  used  in  the  production  of  particle  board. 
The  test  boards  had  highly  satisfactory  di- 
mensional stability  and  strength  characteris- 
tics. Boards  of  either  conventional  or  special 
construction  appear  worthy  of  consideration. 

Commercial  particle  boards  are  currently 
produced  by  a  rather  large  number  of  firms, 
however,  and  competition  in  the  open  market 
is  keen.  The  captive  particle  board  operation, 
in  which  the  board  is  used  in  the  manufacture 
of  a  finished  product,  provides  a  potential 
exception.  Any  contemplated  particle  board 
operation  should  be  preceded  by,  and  based 
upon,  a  careful  survey  and  analysis  of  mar- 
keting potential. 

Particle  board  products  can  be  produced 
through  several  dissimilar  processes.  The 
primary  commercial  processes  for  making 
particle  board  are  (1)  multi-platen  press,  (2) 
vertical  extrusion  press,  and  (3)  horizontal 
extrusion  press.  The  equipment  necessary  for 
production  differs  widely  between  processes; 
in  addition,  equipment  suitable  for  any  single 
process  is  subject  to  wide  variation.  Conse- 
quently, no  attempt  is  made  to  present 
detailed  minimal  equipment  and  capital  in- 
vestment requirements  for  particle  board 
production. 

Several  generalized  "rules  of  thumb"  for 
minimum  economic  size  of  operation,  and 
associated  capital  investment,  have  developed. 
A  commonly  suggested  minimum  level  of 
production  for  a  multi-platen  flat  press  in- 
stallation is  40  tons  of  dry  material  per  day, 
or  approximately  26,000  square  feet  of  board 
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Table   16.  --Plant  equipment,    overlaying  and  laminating 


Quan- 
tity- 


Equipment 


In- 
stalled 
cost 


Combi- 
nation 
siding - 
sheathing 


Resawn 

beveled 

siding 


Flex- 
floor 


Laminated-- 


Lumber 

core 
flooring 


Beams 


Dollars 

1         Straight  line  rip  saw  5,000 

Rip  and  crosscut  power  feed  cut-up  saw      3,000 

Finger -jointing  equipment 

(tongue  and  groove  optional) 

End  and  edge  gluing  equipment 

Plugging  equipment,    3 -inch 

capacity  (optional)  1 ,  000 

1         Single  or  double  surfacer,    52  inches       10,000 

1         Roller  coater,    5Z  inches  2,000 

1         Glue  spreader,    52  inches  3, 000 

1         Cold  press,    side  loading,    42-inch 

opening,    50  by  150  inches,   com- 
pressed air  or  hydraulic  actuation     10,000 

Press  I-beams,   cauls,    equipment 

Rip  and  crosscut  trim  saws,   table 
(finished  end) 

1         Double  spindle  shaper  with  power  feed 

(single  end  tenoner,    optional)  6,000 


Preservative  dipping  troughs  and 
conveyor  system 

Belt  Sander 

Building  with  20,000  square  feet  of 
floor  area,    concrete  floor 


1,000 
6,000 


X 
X 

X 
X 

X 
X 
X 
X 


X 
X 

X 
X 

X 
X 
X 
X 


X 
X 


X 
X 


X 
X 


0,000 

X 

X 

X 

X 

2,000 

X 

X 

X 

X 

3,000 

X 

X 

X 

X 

Additional  equipment  required  for  specific  products: 
1  Vertical  band  resaw,  adjustable  tilt  10,000 
1         Face  groover,    simulated  planking  1,000 


1         Gang  saw,   power  feed 

(kerfing  base  stock)  5,  000 

Face  veneer  finishing  equipment  2,000 

1         Veneer  jointer,    manual  feed  5,000 

1         Veneer  edge-gluer  10,000 

Beam  clamps  and  clamp  carrier  5,000 

1         Jointer,    power  feed  3,000 


X 
X 
X 
X 


Veneer  jointing  and  edge -gluing  equipment  will  be  unnecessary  if  hardwood  face  veneers  for  Flex- 
floor  are  purchased  pre-sized. 
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CORE  STOCK 
FLEX-FLOOR 
BASE  STOCK 


J. 


FINGER  JOINT 


END  AND  EDGE  GLUE 


PLANE 


OVERLAY 
FIBER 

ZEz: 


GLUE 


INSPECT  - 
PLUG  IF  DESIRED 


ROLLER  COATER 
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I 


COLD  PRESS  AND  CLAMP 


BEAM  CLAMP 
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ZZEZ 
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VENEER  JOINT 
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* 


VENEER  CLIP 
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LAMINATED 
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■ 

1 

BACK  KERF 
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i 

FACE  SAND 

FACE  SAND 
AND  CHAMFER 

" 

EDGE  AND  END  DIP  AND  PRIME 
OR  PRE-FINISH  AS  DESIRED 
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1 
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' 

1 
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Figure   33.  — A  basic  production  flow  design  for  the  manufacture  of  both,  overlaid  and  laminated 
products.      Designed  by  Bruce  G.    Eeebink,   Engineer,   Forest  Products  Laboratory. 
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per  day  (3/ 4- inch  basis).  The  capital  invest- 
ment for  such  a  plant  has  been  estimated  to 
involve  $20,000  to  $25,000  per  ton-day  of 
capacity,  or  about  1  million  dollars  minimum. 
Extrusion 'process  plants,  which  can  generally 
operate  economically  on  a  somewhat  smaller 
scale  and  involve  less  capital  investment  per 
ton  of  capacity,  would  perhaps  entail  a  capital 
investment  of  one-third  to  one-half  this 
amount.  Again,  these  values  are  broad  esti- 
mates, and  are  subject  to  considerable  varia- 
tion under  differing  circumstances. 

Investment  requirement  alone  should  not 
be  the  sole  criteria  for  comparing  flat-press 
and  extrusion  processes.  The  products  of  the 
two  processes  differ  considerably.  For  most 
uses,  extruded  boards  have  poorer  physical 
characteristics  than  flat-pressed  boards.  In 
addition,  flat-press  processes  provide  more 
latitude  for  engineering  boards  to  particular 
specifications,  such  as  multi-layer  boards. 
Flat-pressed  particle  boards  make  up  the 
bulk  of  current  production. 


FURTHER  UTILIZATION  POTENTIAL 

The  current  study  has  by  no  means  ex- 
hausted the  range  of  possible  new  uses  for 
low-grade  ponderosa  pine  in  either  log,  lum- 
ber, or  residue  form.  The  products  specifi- 
cally considered  were  chosen  for  their  ap- 
parent adaptability  to  the  immediate  problem, 
plus  professed  industry  interest  in  them. 
Generally  speaking,  they  represent  either 
means  of  avoiding  production  of  low  common 
grade  lumber,  or  means  of  effectively  using 
it  after  it  is  produced.  Only  incidental  atten- 
tion was  given  the  utilization  of  sawmill 
residue  materials,  a  prime  factor  in  realizing 
better  utilization  of  the  resource. 

An  account  of  utilization  potential  for  low- 
grade  ponderosa  pine  timber  would  not  be 
complete  without  mention  of  some  of  the  addi- 
tional utilization  possibilities  for  the  species: 

1.  The  fabrication  of  selected  wood  products 
for  local  markets. 

2.  Means  of  utilizing  mill  residues  currently 
wasted. 

3.  Fiber-board  production  in  conjunction  with 
current  pulp  operations. 


4.    Chemical  conversion. 

Wood  Product  Fabrication 

The  fabrication  of  wood  products  for  local 
markets  offers  unique  advantages  for  sawmills 
of  practically  any  size.  For  many  rough  wood 
products  such  as  boxes,  bins,  pallets,  and 
snow  fence,  very  little  additional  equipment 
and  capital  investment  are  required.  Most 
such  products  can  effectively  utilize  the  lower 
grades  of  common  lumber.  In  addition,  secon- 
dary manufacturing  or  processing  beyond  the 
lumber  stage  adds  appreciably  to  the  labor 
force  sustained  and  the  total  product  value 
achieved,  which  augments  area  or  community 
well  being. 

In  the  Southwest,  a  potential  market  exists 
for  agricultural  bins  and  boxes,  and  industrial 
pallets.  The  citrus  fruit  and  truck-garden 
industry  in  the  Southwest  uses  paperboard  and 
plastic  final  packaging,  but  depends  exten- 
sively upon  wooden  bins  and  crates  for  pick- 
ing, handling,  and  processing.  Bin  pallets 
(combination  bin  and  pallet)  are  commonly 
used  in  citrus  groves  as  containers  for  trans- 
porting, storing,  and  processing  fruit.  Bin 
pallets  are  normally  rather  heavily  con- 
structed, and  designed  for  a  life  expectancy 
of  several  seasons.  Acceptable  agricultural 
bin  pallets  can  be  constructed  from  low- 
quality  material,  through  selective  cutting  and 
selection  of  component  parts.  Smaller  wooden 
boxes  and  crates  are  also  widely  used  in  the 
fruit  and  truck- garden  industry. 

Practically  all  manufacturing  and  distri- 
bution industries  handle  materials  and  prod- 
ucts with  forklifts,  and  most  have  developed  a 
"palletized"  system  of  material  storage  and 
transfer.  Because  pallets  can  be  produced 
from  the  lower  common  grades  of  lumber  and 
require  little  specialized  equipment  or  skills, 
their  production  is  easily  adapted  to  either 
manual  or  automated  assembly. 

Other  manufactured  products  that  can 
easily  be  integrated  with  sawmill  operations 
include  fence  lath,  wire-bound  snow  or  orna- 
mental fence,  surveyor's  stakes,  and  in- 
dustrial crating.  The  manufacture  of  such 
products  may  be  particularly  attractive  to 
smaller  operations,  since  very  little  additional 
capital  investment  is  required. 
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Residue  Utilization 

Much  of  the  residue  from  lumbering  oper- 
ations in  the  Southwest  is  not  currently 
utilized.  The  marked  improvement  brought 
about  by  the  establishment  of  a  local  market 
for  pulp  chips  is  still  insufficient  to  absorb 
a  high  proportion  of  the  total  available  supply. 
A  number  of  products  (other  than  the  particle 
boards  previously  discussed)  provide  potential 
outlets  for  residue:  charcoal,  briquetted  fuel, 
natural  wood  fuel,  soil  conditioning  and  mulch- 
ing materials,  and  such  specialty  products  as 
barn  and  feed-lot  bedding,  wood  flour,  and 
sweeping  compound. 

The  market  for  charcoal  has  gained 
strength  in  recent  years,  due  primarily  to 
increased  interest  in  outdoor  cookery.  This 
is  particularly  true  in  areas  such  as  the 
Southwest  with  moderate  year-round  weather. 
The  development  of  continuous  carbonization 
retort  methods  of  charcoal  production  make 
feasible  the  use  of  hogged  residue  and  mis- 
cellaneous wood  fines.  Bark  can  be  included 
with  other  wood  material  if  it  is  reduced  to 
comparable  size  before  processing.  Since 
continuous  retort  processes  produce  fine 
charcoal,  briquetting  is  necessary.  Briquetted 
charcoal  is  somewhat  favored  over  lump 
charcoal  by  both  dealers  and  consumers, 
however,  and  would  enjoy  some  market  ad- 
vantage. Although  the  capital  investment  in 
continuous  carbonization  and  briquetting 
equipment  is  substantial,  a  cooperative  de- 
velopment among  a  number  of  mills  might  be 
considered.  The  recently  developed  gas  re- 
cycle retorts  operating  on  either  short- length 
round  or  slab  wood  provide  an  additional 
important  means  of  efficient  production. 

High-density  briquetted  fuel,  produced 
from  sawdust  and  wood  or  bark  fines,  also 
presents  residue  utilization  potential.  Pon- 
derosa  pine  has  proven  to  be  a  preferred 
species  for  wood  briquets  from  sawdust  or 
other  fine  material.  Wood  particles  are  self 
bonding  when  briquetted  under  high  pressure 
at  elevated  temperatures,  and  thus  require 
no  added  binder.  High-quality  briquets  can 
also  be  produced  from  bark  alone.  To  develop 
necessary  strength  and  hardness  in  wood 
briquets,  current  practices  require  that  the 
material  be  quite  dry,  preferably  from  6  to  10 


percent  moisture  content.  Various  types  of 
high-temperature  driers  or  short-cycle  flash 
driers  will  reduce  the  moisture  content  of 
waste  material.  Several  wood-briquetting 
plants  in  the  United  States  use  high-pressure 
molding  machines  to  produce  pressed  logs 
suitable  for  fireplace  and  similar  use.  In 
addition,  there  are  a  number  of  extrusion- 
type  briquetting  machines  in  operation  that 
produce  pellets  or  stoker- size  briquets. 

Sawdust,  shavings,  and  hogged  wood  or 
bark  have  received  attention  as  soil  condi- 
tioning and  mulching  materials.  These  ma- 
terials have  essentially  no  fertilizer  value 
unless  they  are  composted.  When  added  to  the 
soil,  however,  they  do  increase  moisture  re- 
tention, induce  better  aeration  and  tilth,  and 
supplement  native  humus.  When  used  as  a 
mulch,  wood  materials  reduce  evaporation, 
retard  erosion,  and  aid  in  weed  control. 

Untreated  raw-wood  residues  used  as 
mulches  or  conditioners  will  compete  for 
available  nitrogen  in  the  soil  as  they  decom- 
pose, and  can  create  a  nitrogen  deficiency. 
Consequently,  most  commercially  prepared 
soil  additives  from  wood  are  either  composted 
or  chemically  treated  to  add  nitrogen.  Bark 
or  sawdust  may  be  composted  with  corral  or 
feed-lot  manure  to  satisfy  the  nitrogen  re- 
quirement. Aqueous  ammonia  and  micro- 
organism inoculants  are  also  sometimes 
added,  and  greatly  speed  composting.  Pon- 
derosa  pine  bark  seems  particularly  well 
suited  to  this  use,  since  it  hammer-mills 
more  uniformly  than  do  fibrous  barks. 

In  areas  in  which  feedlots  and  livestock 
enterprises  are  common,  wood  chips  and 
shavings  may  be  salable  as  bedding  material. 
Commercial  shaving  balers  simplify  packag- 
ing, storing,  and  handling  the  material.  A 
residual  benefit  may  be  derived  from  the 
natural  composting  of  the  material  while  in 
use  as  bedding. 

Other  potential  uses  for  selected  mill 
residue  and  sawdust  include  such  products  as 
wood  flour  and  sweeping  compound.  Ponderosa 
pine  residue  appears  to  be  well  suited  to  the 
production  of  wood  flour,  since  it  is  not 
strongly  acid,  is  light  in  color,  and  relatively 
free  from  excessive  pitch.  Although  the  mar- 
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ket  for  wood  flour  is  rather  small,  demand  is 
probably  increasing  in  newer  industrial  areas 
such  as  the  West  Coast.  Wood  flour,  consist- 
ing of  finely  divided  wood  particles  about  the 
size  of  cereal  flours,  is  used  as  a  filler  in 
linoleum,  explosives,  and  plastics.  It  is  also 
used  to  produce  molded  wood  products,  and 
as  a  cleansing  agent,  a  mild  abrasive,  and  a 
filler  in  some  flues  and  cements.  Wood  flour 
may  be  reclaimed  from  sander  dust  or  saw- 
dust, or  may  be  manufactured.  A  variety  of 
wood-flour  mills  are  in  use,  including  attri- 
tion mills  for  sawdust- size  material  and 
hammer  mills  or  crushing  mills  for  larger 
residues.  Oversize  particles  are  air  sepa- 
rated or  mechanically  screened  from  the 
flour.  The  specifications  for  wood  flour  are 
rather  exacting  for  most  uses,  and  require 
close  quality  control. 

Sawdust  is  commonly  used  as  an  absorbent 
in  floor  sweeping  compounds,  which  are 
usually  composed  of  sawdust,  clean  sand,  salt, 
and  oil  or  water-wax  emulsion.  Oils  are  used 
in  compounds  designed  for  cement,  terrazzo, 
or  wood  floors,  while  wax  emulsion  is  used  in 
compounds  for  linoleum,  rubber,  and  asphalt 
floors.  In  addition,  dyes  and  scented  oils  are 
often  added.  Sweeping  compound  can  easily  be 
mixed  in  a  revolving  drum  or  concrete  mixer, 
and  discharged  directly  into  marketing  con- 
tainers. 


Fiberboard  Products 

The  production  of  fiberboard  or  hard- 
board  products  can  utilize  extensive  quanti- 
ties of  low- quality  material  in  log  or  residue 
form.  Since  the  initial  processing  of  raw  ma- 
terial can  be  essentially  that  used  in  produc- 
ing groundwood  pulp,  fiberboard  production 
could  be  integrated  with  existing  groundwood 
pulp  operations.  Fiberboard  production  has 
been  highly  developed,  however,  and  competi- 
tion in  the  open  market  is  intense.  Fiber- 
board  product  potential  will  depend  heavily 
upon  the  strengthening  of  established  markets 
and  development  of  new  markets. 

Fiberboard  production  requires  pulping 
equipment,  Fourdrinier-type  forming  ma- 
chines, multi-platen  hot  presses,  and  continu- 
ous  driers,    most  of  which  are  designed  for 


high- capacity  production.  Consequently,  min- 
imal capital  investment  is  high  and  large- 
capacity  installations  are  common.  It  has  been 
estimated  that  a  plant  designed  around  one 
multi-platen  press  (4-foot  by  16-foot,  20- 
opening)  must  have  available  at  least  90  tons 
of  raw  material  per  day. 

Raw  material  for  fiberboard  is  pulped  by 
mechanical  grinding,  steaming,  chemical 
pulping,  or  defibrating.  Mechanical  grinding 
is  the  most  common  method  employed  in 
producing  insulating  board.  Most  hardboard 
is  produced  by  pulping  wood  in  chip  form.  In 
conventional  or  wet-felting  processing,  the 
washed  fibers  are  suspended  in  a  slurry  and 
deposited  on  a  Fourdrinier  wire  or  special 
forming  machine.  Hardboard  is  produced  by 
hot  pressing  and  drying  the  fiber  mat.  Insula- 
tion board  is  produced  by  drying  the  mat  in  a 
continuous  dryer,  without  further  hot  pressing. 
Medium-density  building  board  is  produced 
by  adding  a  binder  to  the  fiber  mat  and  hot 
pressing  to  a  relatively  low  density. 

In  a  process  variation  known  as  air-felting 
the  fibers  are  partially  dried,  conveyed  in  air 
suspension,  and  formed  into  mats  for  hot 
pressing.  A  resin  binder  is  added  in  the  dry 
process. 

For  each  step  in  fiberboard  production 
there  is  a  wide  variety  of  techniques  and 
equipment  available.  The  processes  present 
definite  possibilities  for  improvement  through 
innovation.  New  methods  of  raw  material 
preparation,  new  handling  methods,  and  new 
production  techniques  could  easily  improve 
the  existing  production  cost  structure. 


Chemical  Conversion 

Research  on  the  chemical  conversion  of 
wood  and  bark  residues  indicates  that  such 
conversion  (although  still  largely  in  the  de- 
velopment stage)  is  of  potential  importance. 
Several  notable  examples  of  successful  chem- 
ical wood  product  operations  do  exist,  how- 
ever. These  include  the  rayon  industry,  the 
charcoal  industry,  the  naval  stores  and  tall- 
oil  industry,  and  the  use  of  wood-derived 
chemicals  in  plastics  and  photographic  films. 
Bark  extractives  currently  yield  phenolic  de- 
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rivatives  useful  as  waterproof  adhesive  com- 
ponents, and  tannins  valuable  as  deflocculants 
in  drilling  muds. 

Processes  that  may  be  useful  in  the  eco- 
nomic recovery  of  industrial  chemicals 
include  fermentation,  hydrolysis,  and  hydro- 
genation.  Hydrolysis  of  wood  will  convert 
the  hemicellulose  and  cellulose  fractions  to 
sugars,  notably  xylose  and  glucose.  Wood 
sugars  can  be  converted  into  a  host  of  chem- 
ical products,  including  molasses  and  yeast. 
Xylose  can  be  converted  to  furfural,  a  chem- 
ical used  in  the  production  of  nylon.  Glucose 
can  similarly  be  converted  to  levulinic  acid 
and  other  compounds  potentially  valuable  as 
industrial  chemicals.  Other  ways  in  which 
glucose  can  undergo  further  chemical  conver- 
sion include  fermentation  to  ethyl  alcohol, 
microbiological  conversion  to  food  yeasts  or 
glycerol,  and  hydrogenation  to  obtain  glycerol 
and  other  polyhydric  alcohols. 


Wood  hydrolysis  has  been  used  to  produce 
sugars  that  have  been  concentrated  to  yield 
wood-sugar  molasses  on  a  pilot-plant  basis. 
Wood- sugar  molasses  is  potentially  valuable 
as  an  animal  feed.  The  feeding  tests  con- 
ducted indicated  that  wood- sugar  molasses 
was  the  equivalent  of  black- strap  molasses  as 
a  carbohydrate  feed  supplement.  Minor  ad- 
verse characteristics,  such  as  a  tendency  for 
solids  to  form  in  the  molasses  during  storage, 
can  be  corrected  by  modification  of  the  pro- 
duction methods  employed.  Successful  pro- 
duction of  wood  sugars  depends  more  upon 
economic  than  technical  considerations. 

The  growing  trend  toward  integrated  utili- 
zation of  wood  resources  favors  continued 
development  of  a  chemical  conversion  indus- 
try. Chemical  conversion  can  provide  the 
last  step  in  an  integrated  operation  by  utiliz- 
ing material  that  is  unsuited  to  other  more 
demanding  uses. 
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Ponderosa  Pine  Test  Materials 

Test  materials  for  the  study  were  selected 
from  the  lower  grades  of  logs  and  lumber 
found  in  Arizona  and  New  Mexico  sawmills. 
Table  17  indicates  the  quantity  and  grade  of 
test  lumber  provided.  The  test  logs  and  spe- 
cial test  materials  are  described  below: 


Table  17.  --Ponderosa  pine  test  lumber 


Item 

Grade  5 
sawlogs  for 
peeling 

Grade  6 
sawlog  for 
chipping 

Planer 
shavings 


Quantity 


Description 


Debarked 

slabs 


4  10  ft.,13-21  inches  di- 

ameter, 540  b.f.Scrib. 
Dec.  C,  typical  grade 

5  logs. 

1  12  ft.,  18  inches  diam- 

eter,   160   b.f.  Scrib. 
Dec.  C,  typical  grade 

6  log. 

300  lbs.  Lower  head,  1/16-3/32 
inch  cut;  head  angle, 
63°;  knife  rake  angle, 
15°-20°. 
Knife  cuts  per  inch,  16 
at  180  f.p.m.;  9  at 325 
f.p.m. 

500  lbs.  -- 


Width 
(Inches) 

Length 

Grade  3 

Grade 

4 

Grade   5 

Feet 

-   -  I 

Joard  feet 

-   - 

4/4  Conn 

mon,    ro; 

igJl- 

12 

12 

96 

120 

108 

10 

12 

125 

106 

87 

8 

12 

96 

104 

112 

6 

12 

42 

36 

42 

4 

12 
mon,    S2J 

40 

36 

44 

Total 

399 

402 

393 

4/4  Com 

5: 

10 

16 

253 

266 

239 

6/4  Com 

mon,    ro\ 

igh:^ 

12 

12 

90 

72 

90 

1.0 

12 

72 

72 

72 

8 

12 

60 

60 

60 

Total 

222 

204 

222 

^6/4  Common  lumber  substituted  for  5/4 
Common  originally  specified. 
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The  saw  logs  designated  for  peeling  were 
converted  to  eight  52-inch  test  bolts,  for  ve- 
neer  and   plywood   production   and   test  pur- 


poses. Each  of  the  eight  bolts  was  diagramed 
before  peeling.  Table  18  provides  a  descrip- 
tion of  each  of  the  test  bolts. 


Table  18.  --Veneer  test  bolt  description 


Bolt 
No.^ 


Diameter 


Small 
end 


Large 
end 


Pith 
eccentricity 


Small 
end 


Large 
end 


Knots 


Number 


Size    range 


Other  characteristics 


- 

-  -  Inches 



2-2 

19i 

20i 

li 

2 

6 

3-1 

13i 

14i 

li 

li 

6 

4-1 

17i 

18 

0 

_3_ 

4 

12 

5-1 

2-1 
3-2 

4-2 


21 

20i 
13i 

17i 


2lf 


22 
13i 


2i 

li 


5-2  21 


II 


21 


1^ 


11 
5 

12 


Inches 

to    10  Spiral  grain  evident;  few  encased  knots; 

intergrown  bark  pocket. 

r      to     4  Compression  wood  evident  in  sapwood 

in  one-quarter  of  bolt;   some  encased 
knots. 

r      to      3  Heart  rot  evident  in  center  of  bolt;   some 

encased  knots, 

to      3j        Some  intergrown  bark;  several  encased 
knots. 

to     6j        Most  knots  intergrown;  few  encased. 

to     2 


to 


to 


Compression  wood  evident  in  sapwood  in 
one-quarter  of  bolt;   some  encased  knots. 

Heart  rot  evident  in  center  of  bolt;   some 
encased  knots. 

Knots  grouped- -two-thirds  of  boll  sur- 
face clear;  some  encased  knots. 


Bolts  2-2,    3-1,4-1,    and  5-1   were  designated  for  production  of  1 /7-inch  veneer;  the  remaining 
four  bolts  were  designated  for  3/lO-inch  veneer. 


'In  rotary  cutting,    all  bolts  were  chucked  in  their  geometric  center, 
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Glossary 

The  terms  employed  in  this  publication  are 
in  general  well  known  to  one  or  more  sectors 
of  the  wood  utilization  industry.  Some  terms, 
however,  may  be  unfamiliar  to  those  acquaint- 
ed primarily  with  lumbering  and  associated 
activities.  Terms  that  may  warrant  general 
definition,  or  specific  definition  regarding 
their  particular  use  in  this  publication,  are 
included  in  this  section. 

Board  -  an  item  of  lumber  less  than  2  inches 
in  nominal  thickness. 

a.  4/4  lumber  -  lumber  with  a  nominal 
thickness  of  1  inch,  and  finished  thick- 
ness of  25/32  inch. 


b.  5/4  lumber  -  lumber  with  a  nominal 
thickness  of  1-1/4  inches,  and  finished 
thickness  of  1-5/32  inches. 

c.  6/4  lumber  -  lumber  with  a  nominal 
thickness  of  1-1/2  inches,  and  finished 
thickness  of  1-13/32  inches. 

Bow  -  distortion  of  a  board  characterized  by 
deviation  from  flatness  lengthwise. 

Brashness  -  a  condition  in  wood  that  causes  it 
to  break  suddenly  and  completely  across 
the  grain  when  bent  slightly. 

Casehardening  -  a  condition  of  stress  in  wood 
in  which  the  outer  fibers  are  under  com- 
pressive stress  and  the  inner  fibers  are 
under  tensile  stress. 
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Check  -  a  lengthwise  separation  of  wood, 
usually  extending  across  the  rings  of  an- 
nual growth;  e.g.,  checks  may  extend  ra- 
dially from  the  pith  or  center  of  a  log. 

Compression  failure  -  localized  buckling  of 
fibers   produced   by  compression  of  wood 

j  along  the  grain  beyond  its  proportional 
limit. 

jCompression  wood  -  abnormal  wood  formed 
on  the  lower  side  of  branches  and  inclined 
trunks  of  softwood  trees;  characterized  by 
relatively  wide,  eccentric  growth  rings  and 
excessive  longitudinal  shrinkage. 

Conditioning  treatment  -  a  controlled  high- 
temperature,  high- relative- humidity  kiln 
condition  applied  to  bring  about  a  uniform 
moisture  distribution  in  lumber  and  relieve 
drying  stresses. 

Crook  -  distortion  in  which  the  edges  of  a 
board  deviate  from  a  straight  line  end  to 
end. 

Crossbanding  -  the  inner  plies  of  plywood  that 
are  oriented  perpendicular  to  the  face  ve- 
neer; usually  consists  of  narrower  pieces 
of  veneer. 

Cup  -  distortion  of  a  board  characterized  by 
dishing  or  deviation  from  flatness  cross- 
wise. 

Defect  -  any  irregularity  in  or  on  wood  that 
may  affect  or  limit  its  suitability  for  a 
particular  end  use. 

a.  Sound  defect  -  any  defect  presenting  an 
essentially  sound  surface  such  as  tight 
knots,  stains,  and  pitch  seams  or  pock- 
ets. 

b.  Open  defect  -  any  defect  creating  a  void 
or  interruption  of  a  solid  surface,  such 
as  knotholes,  insect  holes,  wane  edge, 
and  machine  gouge. 

Density  -  mass  per  unit  volume,  usually  ex- 
pressed as  pounds  per  cubic  foot;  see  also, 
"specific  gravity." 

Equalization  treatment  -  controlled  conditions 
applied  in  a  dry  kiln  to  bring  lumber  to  a 
nearly  uniform  moisture  content. 


Equilibrium  moisture  content  (EMC)  -  the 
moisture  content  at  which  wood  reaches  a 
balance  with  moisture  conditions  of  the 
surrounding  atmosphere,  as  determined  by 
relative  humidity  and  temperature. 

Grain  -  the  general  direction  of  the  fibers  in 
wood  or  lumber. 

a.  Cross  grain  -  grain  deviating  in  direc- 
tion from  the  longitudinal  axis  of  the 
piece  of  lumber. 

b.  Short  or  end  grain  -  terms  applied  to 
cross  grain  deviating  sharply  from  the 
longitudinal  axis  of  the  piece;  often  ir- 
regular or  swirled,  as  around  knots. 

Green-clipping  -  clipping  green  veneer  to 
rough  panel  widths,  or  to  narrower  widths 
as  necessary  to  remove  inadmissible  de- 
fects. 

Heartwood  -  wood  extending  from  pith  to  the 
sapwood,  usually  darker  in  color  and  with 
lower  moisture  content  than  sapwood. 

Insect  (borer)  holes  -  oval,  circular,  or  irre- 
gular holes  in  wood  caused  by  larvae  and 
adult  insects. 

Jointing  -  rendering  the  face  or  edge  of  a 
board  perfectly  straight  and  flat  by  pass- 
ing it  across  a  fixed  cutter  head. 

Kerf  -  the  cut  made  by  a  saw. 

Knot  -  the  part  of  a  branch  that  has  become 
incorporated  into  the  trunk  of  a  tree. 

a.  Intergrown  knot  -  that  portion  of  a  live 
branch  which  is  firmly  embedded  in  the 
trunk;  a  tight  knot. 

b.  Encased  knot  -  that  portion  of  a  limb 
overgrown  by  the  trunk  after  the  branch 
dies;  usually  a  loose  knot. 

Kraft  overlay  paper  -  a  paper  made  from 
softwood  neutral  sulphate  pulp,  to  which  20 
percent  by  weight  phenolic  resin  has  been 
added;  particularly  noted  for  its  strength. 

Modulus  of  elasticity  -  a  measure  of  the  stiff- 
ness or  rigidity  of  a  member  or  material; 
i.e.,  resistance  to  deflection. 

Modulus  of  rupture  -  a  measure  of  the  load, 
slowly  applied,  that  a  member  or  material 
will  support  for  a  short  time. 
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Moisture  content  -  the  quantity  of  water  in 
wood,  expressed  as  percentage  of  the 
weight  of  the  ovendry  wood. 

Parchmentized  overlay  paper  -  purified  wood- 
pulp  paper  treated  by  sulphuric  acid  or 
other  chemicals  to  produce  a  hard,  tough, 
water-  and  abrasion- resistant  paper. 

Particle  board  -  an  engineered  panel  product 
made  from  dry  wood  particles  that  have 
been  coated  with  binder,  formed,  and  hot 
pressed. 

Patches,  veneer  -  sound  wooden  plugs  insert- 
ed in  veneers  to  replace  defective  areas 
such  as  knotholes. 

Pitch  pocket  or  seam  -  an  opening  along  the 
grain,  often  between  two  annual  rings,  con- 
taining pitch  or  resin. 

Roundup  -  trimming  irregularities  and  natural 
taper  from  a  veneer  bolt  to  obtain  a  right 
cylinder,  preparatory  to  cutting  usable 
veneer. 

Sapwood  -  outer  portion  of  a  woody  stem,  ex- 
tending from  bark  to  heartwood,  usually 
lighter  in  color  and  with  higher  moisture 
content  than  heartwood. 

Scribner  Decimal  C  log  rule  -  a  diagram- 
derived  log  rule  designed  to  estimate  the 
board-foot  content  of  logs  to  the  nearest 
10  board  feet. 

Shelling  -  a  separation  of  springwood  and 
summerwood  occurring  during  the  manu- 
facture of  veneer,  leaving  a  rough  surface 
and  irregular  thickness;  may  be  associated 
with  excessive  pressure  bar  compression 
or  wide- ringed  woods. 


Shrinkage    -  contraction   of   wood    caused 
drying  below  fiber  saturation  point. 


by 


Sliced  veneer  -  veneer  cut  from  a  flitch  by  a 
slicing  machine  rather  than  a  rotary  lathe. 

Specific  gravity  -  density  or  weight  of  wood 
per  unit  volume,  expressed  as  a  decimal 
proportion- of  the  weight  of  an  equal  volume 
of  water. 


Stain  -  discoloration  of  wood  caused  by  out- 
side agents;  common  causes  are  the  oxida- 
tion of  extractives  in  the  wood,  and  the 
growth  of  mold- like  fungi  in  the  wood. 

Stress  at  proportional  limit  -  stress  in  the 
extreme  fibers  of  a  member,  at  the  limit 
at  which  deformation  begins  to  occur  at  a 
rate  greater  than  proportional  to  added 
load. 

Sunken  glue  joint  -  depression  along  or  adja- 
cent to  a  glue  line  caused  by  further 
shrinkage  of  the  wood  about  the  glue  line 
after  final  surfacing. 

Telegraphing  -  a  tendency  of  some  furniture- 
core  particle  boards  to  transmit  surface 
particle  patterns  or  irregularities  through 
face  veneers;  often  referred  to  as  "show- 
through." 

Tension  failure  -  failure  of  wood  fibers  in 
tension,  or  on  the  side  of  the  member 
opposite  the  load. 

Touch-sanding  -  a  sizing  operation  consisting 
of  sanding  lightly  to  a  specified  panel 
thickness. 

Twist  -  distortion  of  a  board  about  its  longi- 
tudinal axis,  placing  the  corners  in  dis- 
similar planes. 

Veneer  -  thin  layers  or  sheets  of  wood  cut 
from  a  log  or  flitch  by  a  rotary  lathe, 
slicer,  or  saw. 

a.  Tight  side  -  the  upper  surface  of  the 
veneer  sheet  as  it  is  cut;  i.e.,  the  sur- 
face opposite  the  lathe  knife,  and  hence 
free  of  knife  checks. 

b.  Loose  side  -  the  lower  or  inner  surface 
of  the  veneer  as  it  is  cut;  i.e.,  the  sur- 
face adjacent  to  the  lathe  knife,  exhibit- 
ing knife  checks. 

Vulcanized  fiber  -  an  unsized,  unloaded  sheet 
material  made  by  treating  cotton  rag-base 
paper  with  a  zinc  chloride  solution. 

Wane  -  the  presence  of  bark,  or  lack  of  wood, 
along  the  edge  or  corner  of  a  board. 

Warp  -  variation  of  a  board  or  panel  from  a 
straight  or  true  plane,  including  cup,  bow, 
crook,  and  twist. 


Agricoltore  —  CSU,  Ft  Collir 
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Early-   and    Late-Season   Grazing 

Versus 

Season-Long   Grazing   of  Short-Grass  Vegetation 

on  the 
Central  Great  Plains 


by 

Graydon  E.  Klipple 


Cattle  that  graze  range  vegetation  of  the 
short-grass  association  on  the  Central  Great 
Plains  usually  produce  much  larger  weight 
gains  during  May,  June,  and  July  than  they  do 
during  August,  September,  and  October.  This 
has  induced  many  cattle  producers  using 
short- grass  rangelands  to  make  large  in- 
creases in  the  stocking  of  their  range  during 
the  early  period,  and  reduce  the  length  of  the 
grazing  season.  In  this  arrangement,  steers 
are  sold  when  the  feed  is  utilized. 

In  the  1940's  the  Rocky  Mountain  Forest 
and  Range  Experiment  Station  received  nu- 
merous inquiries  as  to  the  amount  of  increase 
in  cattle  weight  gains  per  acre  that  could  be 
expected  from  this  early  accelerated  stocking 
practice,  and  the  effect  of  the  practice  upon 
the  range  vegetation. 

A  study  was  made  at  the  Central  Plains 
Experimental  Range ^  near  Nunn,  Colorado,  to 
obtain  information  on  these  questions.  This 
report  summarizes  results  of  the  study. 


^Operated  at  the  time  of  the  study  by  the 
Forest  Service  in  cooperation  with  the  Soil 
Conservation  Service  and  the  Crow  Valley  Live- 
stock Cooperative  Association  on  a  portion  of 
the  northeastern  Colorado  Land  Utilization 
Project. 


EXPERIMENTAL  DESIGN 

Nine  pastures  were  used:  seven,  approxi- 
mately a  half-section  each,  one,  400  acres, 
and  one,  200  acres.  They  were  divided  into 
three  blocks  of  three  pastures  each,  with  each 
block  representing  a  different  subtype  of  the 
short- grass  association  (table  1).  These  sub- 
types are  typical  of  the  short- grass  vegetation 
of  the  Central  Great  Plains. 


Grazing  Treatments 

Treatments   were   three  different  periods 
of  grazing,  designated  as  follows: 


Season-long 
Early  grazing 
Late  grazing 


Length  of 
grazing  period 
6  months 
3  months 
3  months 


Approximate 

dates 

"May  10 -Nov.  10 

May  10- Aug.  10 

Aug.  10 -Nov.  10 


Cattle  grazed  in  an  early-grazed  pasture  were 
moved  to  the  late- grazed  pasture  in  the  same 
block.  Grazing  treatments  were  randomized 
within  blocks  in  1943  and  repeated  without 
change  each  year  from  1943  to  1952. 

All  pastures  were  grazed  as  nearly  as 
possible  to  the  same  intensity — removal  of 
approximately    40   percent   by   weight   of   the 


Table  1.  --Experimental  design  of  nine  pastures  with  three  types  of  grazing  on  three  subtypes  of 
short-grass  range,   Central  Plains  Experimental  Range,    1943-52 


Block  number 

Early  grazing 
(May  10 -Aug.    10) 

Late    grazing 
(Aug.    10-Nov.    10) 

Season-long  grazing 
(May  10-Nov.    10) 

and  subtype 

Pasture 
number 

Area 

Pasture 
number 

Area 

Pasture 
number 

Area 

Acres 

Acres 

Acres 

I 

-    Blue  grama    - 

buffalograss 

IW 

317 

2N 

400 

15E 

318 

II 

-   Blue  grama  - 
buffalograss    - 
dry  meadow 

17N 

320 

17S 

320 

8SE 

200 

ni 

-   Fourwing  saltbus 
blue  grama  - 
buffalograss 

Total 

h    - 

13E 

317 

13W 

320 

24N 

315 

954 

1,040 

833 

Common  and  botanical  names  of  species  are  listed  on  page  16. 


current  growth  of  the  short- grasses  by  the 
end  of  the  assigned  grazing  period.  Stocking 
rates  for  pastures  grazed  season-long  were 
the  estimated  numbers  of  cattle  required  to 
make  this  utilization  of  the  herbage  by  early 
November.  Initially,  stocking  rates  for  the 
early-grazed  pastures  were  two  times  the 
number  of  animals  required  to  make  this  use 
of  the  herbage,  if  grazed  season-long.  These 
herds  were  transferred  near  August  10  each 
year,  with  little  or  no  change  in  numbers,  to 
the  late-grazed  pastures. 

Differences  in  pasture  size  and  produc- 
tivity led  to  some  variation  from  year  to  year 
in  the  number  of  yearling  cattle  grazed  during 
the  assigned  grazing  seasons  (table  2).  The 
season- long  pastures  developed  more  of  this 
variation  than  the  early-grazed  or  late-grazed 
pastures.  Stocking  was  reduced  in  the  early- 
and  late- grazed  pastures  during  the  late  years 
of  the  study.  The  average  number  of  acres 
grazed  per  head  for  the  period  the  cattle  was 
grazed  were  6.1,  6.6,  and  13.1  acres  during 
the  early,  late,  and  season-long  grazing 
periods,  respectively  (table  3).  The  average 
number  of  acres  per  head- month  of  grazing 
was  2.03,  2.20,  and  2.18  for  the  three  condi- 
tions, respectively. 


Utilization 

Utilization  of  the  vegetation  was  deter- 
mined each  year  by  an  adaptation'^  of  the 
ocular-estimate-by-plot  method  of  Pechanec 
and  Pickford.^  Eighty  plots  were  used  in  each 
pasture.  Determinations  were  made  on  the 
early-grazed  pastures  immediately  after  re- 
moval of  the  cattle  about  August  10  each  year; 
on  the  late-grazed  and  season-long  pastures, 
during  the  week  before  or  week  after  removal 
of  the  cattle  near  November  10  each  year. 

Average  pasture  utilization,  with  a  few 
exceptions,  was  within  the  range  of  30  to  50 
percent  of  the  vegetation  growth  produced 
each  year  (table  4).  The  apparent  lower 
average  utilization  on  the  early- grazed  pas- 


**Bement,  R.  E. ,  and  Klipple,  G.  E.  A 
pasture- comparison  method  of  estimating  utili- 
zation of  range  herbage  on  the  Central  Great 
Plains.  Jour.  Range  Mangt.  12:  296-298,  illus. 
1959. 

^Peahanea,  Joseph  F. ,  and  Piakford,  G.  D. 
A  comparison  of  some  methods  used  to  determine 
percentage  utilization  of  range  grasses.  Jour. 
Agr.   Res.    54:    753-765.      1937. 
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Table  2.  --Number  of  cattle      grazed,   by  pasture  and  grazing  season,    1943-52 


Grazing  season 

and 
pasture  number 


1943 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


1951 


1952 


10-year 
average 


dULie  - 

— 

Early: 

IW 

41 

39 

40 

40 

40 

40 

40 

39 

39 

38 

40 

13E 

60 

60 

60 

60 

60 

60 

60 

57 

60 

56 

59 

17N 

60 

60 

60 

60 

60 

60 

60 

58 

58 

56 

59 

Total 


161 


159 


160        160 


160 


160 


160 


154       157 


150 


158 


Late: 


2N 

40 

42 

40 

38 

40 

40 

40 

39 

39 

38 

40 

13W 

60 

60 

60 

59 

60 

60 

60 

56 

60 

56 

59 

17S 

60 

60 

60 

60 

60 

60 

60 

58 

58 

56 

59 

Total 


160 


162 


160 


157        160 


160 


160 


153        157 


150 


158 


Season-long: 
15E 
24N 
BSE 


20 

18 

15 

13 

13 

14 

15 

15 

16 

15 

29 

30 

26 

28 

29 

28 

34 

33 

33 

32 

15 

18 

19 

19 

18 

19 

18 

18 

18 

18 

15 
30 
18 


Total 


64 


66 


60 


60 


60 


61 


67 


66 


67 


65 


63 


Total  animal  months  of  grazing  in  a  pasture  divided  by  the  number  of  months  (3  or  6)  in  the  graz- 
ing season,   and  quotient  rounded  to  nearest  whole  number. 
Rounded  to  the  nearest  whole  nximber. 


tures  than  on  the  season- long  and  late- grazed 
pastures    was    not    statistically    significant.^ 

Significance     of  differences  between  means 
were  determined  by  t-test. 


Thus  the  period  of  grazing  in  relation  to  the 
growth  of  the  vegetation  was  the  major  factor 
influencing  differences  in  vegetation  changes 
found  in  this  study. 


Table  3.  --Average  number  acres  of  rangeland  grazed  per  head  and  per  head-month, 

by  grazing  seasons,    1943-52 


Grazing  season 

and 

stocking  rate 


1943 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


1951 


1952 


10-year 
average 


Acres 


Early: 

Per  head  5.9  6.0  6,0  6.0  6,0  6.0  6.0  6.2  6,1  6.4  6,1 

Per  head -month     1,97  2,00  2,00  2,00  2.00  2.00  2.00  2,07  2,03  2.13  2,03 

Late: 

Per  head  6.5  6.4  6.5  6,6  6,5  6.5  6.5  6,8  6.6  6.9  6.6 

Per  head -month    2.17  2.13  2.17  2.20  2,17  2.17  2,17  2,27  2.20  2.30  2,20 

Season-long: 

Per  head  13,0  12,6  13,9  13.9  13,9  13.7  12.4  12.6  12,4  12.8  13,1 

Per  head-month    2.17  2.10  2.32  2.32  2.32  2.28  2.07  2,10  2.07  2,13  2,18 


3  - 


Table  4.  --Grazing  removal  of  current  growth  of  vegetation,    in  percent  by  weight, 
by  pasture  and  grazing  season,    1943-52 


Grazing  season 

and 
pasture  number 


1943 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


1951 


1952 


10-year 
average 


Percent 

Early: 

36 

IW 

30 

45 

40 

38 

31 

40 

35 

43 

34 

30 

37 

13E 

32 

40 

35 

43 

30 

36 

33 

34 

33 

32 

35 

17N 

40 

45 

30 

41 

30 

38 

34 

36 

31 

31 

36 

Late: 

40 

2N 

45 

42 

45 

42 

32 

41 

38 

38 

39 

42 

40 

13W 

45 

45 

42 

40 

27 

43 

37 

38 

40 

42 

40 

17S 

50 

40 

40 

44 

28 

45 

38 

40 

40 

39 

40 

Season-long: 

39 

15E 

45 

50 

30 

35 

28 

41 

36 

40 

39 

41 

38 

24N 

35 

40 

45 

39 

27 

42 

39 

42 

41 

41 

39 

8SE 

25 

45 

40 

49 

32 

42 

37 

43 

41 

42 

40 

Cattle  Weights 

Cattle  were  weighed  within  1  or  2  days  of 
the  10th  of  each  month  throughout  the  study. 
All  cattle  were  weighed  the  same  day  at  each 
monthly  weighing.  The  10th  of  the  respective 
months  has  been  used  throughout  this  report 
•as  the  beginning  or  end  of  grazing  periods 
between  weighing  times. 

The  cattle-weighing  practice  was  to  gather 
the  cattle  from  the  pastures  during  an  after- 
noon, hold  them  in  a  corral  overnight  without 
feed  or  water,  weigh  them  early  the  next 
morning,  and  return  them  to  their  pastures. 
Each  animal  was  weighed  individually  1943 
through  1949.  The  cattle  were  weighed  by 
pasture  herds  during  1950,  1951,  and  1952. 

Cattle  grazed  were  yearling  Herefords  of 
good  to  choice  grade.  Both  steers  and  heifers 
were  used  each  year.  Each  pasture  herd, 
however,  was  of  only  one  sex,  and  at  no  time 
were  steer  results  from  one  grazing  period 
compared  with  heifer  results  from  another 
grazing  period.  Steer  and  heifer  weight  gains 
were  combined  in  computing  grazing- season 
average  weight  gains  each  year,  and  10-year 
averages. 


The  cattle  were  from  10  to  15  ownerships. 
They  were  assigned  to  pasture  herds  from 
ownership  herds  within  sex  classes  by  lot 
each  year.  The  number  assigned  to  a  pasture 
from  any  one  sex- ownership  herd  was  in  the 
same  ratio  to  the  total  number  of  head  as- 
signed to  the  pasture  as  the  number  in  the 
sex-ownership  herd  was  to  the  total  number 
of  that  sex  in  all  ownerships.  One  or  more 
head  belonging  to  each  owner  was  in  each 
pasture  herd  each  year.  This  procedure  min- 
imized the  effects  of  differences  in  cattle 
quality  and  cattle  wintering  conditions  among 
the  ownership  herds. 


Vegetation  Measurements 

Vegetation  measurements  used  to  evaluate 
the  influence  of  the  treatments  were  as  fol- 
lows: 

1.    Square-foot-density      measurements''     by 
species   were    made  on  40  permanent,  5- 


'^Stewart,  George,  and  Hutchings ,  S,  S.  The 
point-observation-plot  (  square- foot-density  ) 
method  of  vegetation  survey.  Amer.  Soc.  Agron. 
Jour.    28:    714-722,   illus.      1936. 


foot-square  plots  per  pasture  in  1940, 
1941,  and  1942,  before  the  study  started; 
and  in  1946,  1947,  1948,  1951,  1953,  1955, 
and  1956. 

2.  Grass  herbage  yields  were  measured  by 
clipping  plots  in  1943,  1949,  1950,  1951, 
and  1953.  Twenty-four  plots,  6  inches  wide 
by  30  feet  long,  were  clipped  per  pasture 
in  1943.  Eighty  plots,  1  by  2  feet  in  size, 
were  clipped  per  pasture  in  the  later 
years. 

Climate  and  Weather 

Weather  at  the  Experimental  Range  during 
the  10  years  of  study  was  near  normal.  Tem- 
peratures and  wind  movement  were  not  un- 
usual. The  usual,  relatively  large,  year-to- 
year  variations  prevailed  in  the  total  annual 
and  growing- season  (May-September)  pre- 
cipitations. The  total  annual  precipitation  at 
the  headquarters,  and  the  average  of  24  gages 
in  the  pastures  for  the  growing  season,  in 
inches  of  water,  for  the  10  years  were  as 
follows: 

Precipitation 


Year 

Total  annual 

Growing  season 

(Inches) 

(Inches) 

1943 

7.78 

5.88 

1944 

8.17 

4.41 

1945 

12.27 

8.88 

1946 

11.79 

8.33 

1947 

15.53 

11.06 

1948 

7.92 

5.82 

1949 

13.52 

9.98 

1950 

11.90 

9.75 

1951 

13.10 

8.63 

1952 

14.10 

9.44 

10-year  average      11.61 


8.22 


Both  of  these  10-year  averages  were  only 
slightly  less  than  the  20-year  (1939-58)  aver- 
ages of  11.84  and  8.46  inches,  respectively, 
that  are  the  long-time  averages  at  the  Expe- 
rimental Range. 

EXPERIMENTAL  RESULTS 

Cattle  Weight  Gains 
Weight  Gains  per  Head 

The  10-year  average  weight  gain  per  head 
between  May  10  and  August  10  on  the  early- 


grazed  pastures  was  170  pounds  (table  5). 
This  was  9  pounds  less  than  the  179-pound 
average  gain  produced  by  the  cattle  in  the 
season-long  pastures  during  the  same  3- 
month  period,  a  difference  that  was  not 
significant.  Weight  gains  per  head  in  the 
early-grazed  pastures  were  larger  than  in  the 
season- long  pastures  during  the  same  period 
in  only  2  of  the  10  years  (fig.  1).  The  41-pound 
larger  gain  per  head  made  in  the  season-long 
pastures  in  1948  was  the  only  difference  of 
this  comparison  that  was  statistically  signifi- 
cant. This  lack  of  difference  in  weight  gains 
is  of  interest,  because  for  the  3-month  period 
the  season-long  pastures  received  only  half 
the  grazing  of  the  early- season  pastures,  and 
intensity  of  grazing  often  affects  weight  gains 
per  animal.  In  this  early- season  grazing,  it 
did  not. 

Two  factors — the  volume  of  vegetation  re- 
growth  after  August  10,  and  the  length  of  time 
for  vigorous  new  growth  in  the  spring — ap- 
peared to  influence  to  a  marked  degree  the 
average  cattle  weight  gains  made  per  head  on 
the  early-grazed  pastures.  Good  fall  regrowth 
and  early  new  growth  the  following  spring 
occurred  each  of  the  5  years  when  the  average 
gain  per  head  produced  on  the  early- grazed 
pastures  exceeded  180  pounds.  Ample  old 
vegetation  was  on  the  early-grazed  pastures 
in  the  spring  of  1948,  but  sufficient  moisture 
for  vigorous  new  growth  was  not  received 
until  late  June.  Average  per- head  gain  to  July 
10  that  year  was  only  59  pounds.  For  reasons 
discussed  later,  the  cattle  in  the  season-long 
pastures  in  1948  had  access  to  a  larger  vol- 
ume of  cool- season  species  such  as  western 
wheatgrass  and  needle-and-thread.  The  cattle 
that  grazed  the  season-long  pastures  produced 
an  average  gain  of  near  60  pounds  during  the 
May  10-June  10  period,  but  their  average 
production  dropped  to  36  pounds  per  head 
during  the  June  10-July  10  period. 

Ten  years  of  accelerated  stocking  of  the 
early- grazed  pastures  did  not  significantly 
reduce  the  average  weight  gains  produced  per 
head.  The  average  per-head  gains  during  the 
last  4  years  of  this  study  compared  just  as 
favorably  with  the  average  per-head.  May  10- 
August  10,  gains  produced  on  the  season-long 
pastures  during  the  same  period  as  they  did 
during  the  first  4  years. 


Table  5.  --Average  cattle  weights    and   weight  gains  per  head  (steer  and  heifer  data  combined)  by 

weighing  date  and  grazing  season,    1943-52 


Grazing  season 

and 
weight  record 


1943 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


1951 


1952 


10-year 

weighted 

average 


Early: 
May  10 
August  10 

3 -month  gain 

Late: 

August  10 
November  10 

3 -month  gain 

6  -month  gain 
(Early  plus  late) 

Season-long: 
May  10 
August  10 

3 -month  gain 

November  10 

3 -month  gain 

6 -month  gain 


391 

581 


2  92 


414 
614 


316 


Pounds 


394 
596 

398 
582 

430 
593 

420 
575 

414 
598 

433 
553 

413 
597 

424 
574 

424 
602 

445 
629 

419 
589 

202 

184 

163 

155 

184 

120 

184 

150 

178 

184 

170 

596 
703 

582 

688 

593 
685 

575 
653 

598 
675 

553 
663 

597 
685 

574 
687 

602 
685 

629 
717 

589 
683 

107 

106 

92 

78 

77 

110 

88 

113 

83 

88 

94 

309 

290 

255 

233 

261 

230 

272 

263 

261 

272 

264 

420 

604 


406 
574 


378 
564 


430 
591 


399 
594 


421 
582 


400 
581 


281 


270       278 


252 


284 


270       260 


408 
574 


262 


407 
586 


190 

200 

184 

168 

186 

161 

195 

161 

181 

166 

179 

683 

730 

701 

676 

656 

682 

683 

691 

660 

670 

684 

102 

116 

97 

102 

92 

91 

89 

109 

79 

96 

98 

277 


Weighted  for  variation  in  the  number  of  animals  contributing  to  the  yearly  averages,   and  rounded 
to  nearest  whole  digit. 


The  average  gains  per  head  after  the  cattle 
were  moved  to  the  late- grazed  pastures  on 
August  10  were  much  smaller  than  those  pro- 
duced up  to  August  10.  It  is  of  interest  that 
early  and  late  gains  appeared  to  be  related 
(fig.  2).  Early  gains  were  high  in  1943,  1947, 
1949,  1951,  and  1952.  Four  of  these  5  years 
were  the  years  of  lowest  late-season  gains. 
Contrarily,  1948  and  1950  were  years  of  poor 
early  gains  followed  by  good  late- season 
gains. 

Lower  gains  per  head  also  were  obtained 
during  the  second  3  months  of  the  season-long 
grazing  treatment.  The  average  per-head 
weight  gains  produced  in  the  late- grazed  and 
season-long  pastures  during  the  August  10- 
November  10  period  were  not  significantly 
different  in  any  one  of  the  10  years  (fig.  3). 


Average  monthly  weight  gains  per  head 
produced  on  the  early- grazed  pastures  were 
quite  similar  to  those  produced  on  the  season- 
long  pastures,  during  the  same  monthly  peri- 
ods, for  almost  all  of  the  10  years  (fig.  4). 
Only  one  of  the  30  monthly  differences- -that 
for  the  period  ending  June  10,  1948- -was 
statistically  significant.  Likewise,  the  aver- 
age per-head  monthly  gains  produced  on  the 
late- grazed  pastures  were  quite  similar  to 
those  produced  on  the  season- long  pastures 
during  the  same  monthly  periods. 

The  cattle  lost  weight  in  the  late- grazed 
pastures  during  the  October  10-November  10 
period  in  4  of  the  10  years,  and  only  one-half 
pound  was  gained  during  that  period  in  a  fifth 
year.  Weight  losses  were  also  experienced 
during  that  period  in  1  year,  and  gains  were 


6  - 


LATE  GRAZING 


V) 

200 

Q 

Z 

ZJ 

O 

Cl. 

z 

150 

< 

o 

1— 

X 

^i? 

LU 

inn 

j# 

UJ 

—J 

1— 

H- 

< 

U 

50 

LU 

(J3 

< 

c^ 

uu 

> 

< 

1^ 

• 


I 

I 


i 

M 


I 


i 


I 

i 


If 


SEASON-LONG  GRAZING 


1943   1944   1945   1946   1947   1948   1949 


Figure  1. — Average  aattle  weight 
gains  per  head  produced  in 
early-grazed  and  season-long 
pastures  during  May  10-August 
10     period  each  year,    1943-52. 


Figure  2. — Average  pounds 
of  weight  gain  produced 
per  head  during  early 
grazing  and  late  graz- 
ing    by  years,    1943-52. 
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Figure  3. — Average  cattle  weight  gains  per  head  produced  in  late-grazed 
and  season-long  pastures  during  August  10-November  10  period  each 
year,     1943-52. 


less  than  5  pounds  per  head  in  2  other  years 
by  the  cattle  in  the  season-long  pastures.  Only 
in  2  years  were  gains  of  more  than  10  pounds 
per  head  made  during  this  period  under  each 
treatment.  These  results,  and  similar  results 
from  other  grazing- management  studies  that 
used  yearling  cattle  to  graze  short-grass 
range    vegetation,^  ^   indicate  the  advisability 


^Klipple,      G.   E.,     and     Costello,     David  F. 
Vegetation     and     cattle     responses  to  different 
intensities  of  grazing  on  short-grass  ranges  of 
the     Central     Great     Plains.        U.    S.   Dept.   Agr. 
Tech.    Bui.    1216,    82  pp.,   illus.      1960. 

'^Launchbaugh,  J.  L.  Jr.  The  effect  of 
stocking  rate  on  cattle  gains  and  on  native 
shortgrass  vegetation  in  west-central  Kansas. 
Kans.  Agr.  Expt.  Sta.  Bui.  394,  29  pp.,  illus. 
1957. 


of    moving   yearling   cattle    intended   for   fall 
sale  to  market  prior  to  mid-October. 


Weight  Gains  per  Acre 

Early  grazing  produced  larger  weight 
gains  per  acre  than  season-long  grazing  every 
year,  and  the  differences  were  significant  in  8 
of  the  10  years  (fig.  5).  The  7-pound  difference 
between  the  10-year  average  gains  per  acre 
was  highly  significant.  Also,  the  weight  gains 
per  acre  from  the  season-long  grazing  were 
larger  than  those  made  from  late  grazing  in 
all  years,  and  the  differences  were  significant 
in  9  of  the  10  years.  The  6.8-pound  difference 
between  the  10-year  average  weight  gains  per 
acre  was  highly  significant.  Cattle  grazed  on 
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Figure  4. — Ten-year  av- 
erage, monthly  cattle 
weight  gains  in  pounds 
by  grazing  seasons. 


July  10 


Aug.   10 


Sept.  10 


Oct.  10 
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the  season-long  pastures  produced  average 
weight  gains  per  acre  approximately  inter- 
mediate between  those  on  the  early- grazed 
and  late-grazed  pastures.  It  is  interesting  that 
the  general  seasonal  average  gain  per  acre  Df 
the  cattle  grazed  on  the  same  area  season- 
long  was  21.1  pounds,  compared  with  21.2 
pounds  when  the  cattle  grazed  one  area  for 
the  first  3  months  and  then  were  moved  to  the 
second  area  for  the  last  3  months. 


Effects  on  the  Range  Vegetation 

Approximately   equal   amounts    of    forage 
were  removed  during  each  of  the  three  graz- 


ing periods  (see  table  4),  Each  grazing  period, 
however,  represented  a  different  time  in  the 
growth  cycle  of  the  grazed  species.  Early 
grazing  removed  the  forage  of  most  species 
during  the  time  of  lush  vegetative  growth. 
Late  grazing  removed  the  forage  during  the 
time  the  vegetation  was  maturing  and  during 
early  dormancy.  Season-long  grazing  spread 
the  forage  removal  over  the  total  time  period 
of  both  early  and  late  grazing,  but  the  inten- 
sity of  forage  removal  was  much  lighter  each 
day. 

The  reaction  of  the  vegetation  to  the  time 
of  grazing  was  studied  from  the  standpoint  of 
changes  in  ground  cover:  by  the  total  vegeta- 
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Figure  5. — Average  cattle  weight  gains  in  pounds  per  acre  by 
grazing  seasons  and  years,    2942-52. 


tion,  by  botanical  groups  of  species,  by  a  few 
individual  species  that  produced  large  per- 
centages of  the  forage,  and  by  a  few  individual 
vmdesirable  species.  Changes  in  the  composi- 
tion of  the  vegetation,  and  changes  in  the  per- 
acre  production  of  herbage  by  the  short- graSs 
and  mid-grass  groups  of  grazed  species,  were 
also  studied.  Data  from  the  1951  and  1953,  and 
the  1955  and  1956  examinations  of  the  vegeta- 
tion on  six  pastures  were  also  compared  for 
possible  effects  of  the  seasons  of  grazing  on 
the  way  the  vegetation  reacted  to  the  acute 
drought  of  1954. 


Changes  in  Ground  Cover 

Square-foot-density  measurements  were 
made  on  the  same  observation  plots,  thereby 
reducing  sampling  errors.  The  effects  of 
year-to-year  climatic  variations  on  vegetation 
measurements,  also,  were  reduced  by  com- 
bining data  for  a  3-year  period  at  the  begin- 
ning and  middle  of  the  study,  and  a  2-year 
period  at  the  end. 


The  first  period  of  examination,  1940-42, 
preceded  the  start  of  the  study.  All  3  years 
were  favorable  for  plant  growth.  That  period, 
however,  had  been  preceded  by  several  years 
of  below-average  rainfall  that  began  in  1934 
and  culminated  in  the  acute  drought  of  1939. 
All  pastures  used  in  the  study  were  grazed 
lightly  or  moderately  during  the  1940-42 
period.  The  vegetation  was  in  high-fair  or 
better  condition  by  1943. 

At  the  start  of  the  study,  the  vegetation  on 
experimental  pastures  was  quite  similar  as  to 
total  cover  (table  6).  The  only  significant 
difference  observed  was  the  2.24  percent 
average  difference  between  the  early-grazed 
and  season-long  pastures.  No  significant  dif- 
ferences were  found  in  the  middle  and  final 
sampling  periods.  The  total  vegetation  cover 
on  all  three  groups  of  pastures  was  less  at 
the  close  of  the  experiment  than  at  the  start. 

Grasses  and  grasslike  plants  as  a  group 
made  up  most  of  the  cover  for  all  three  graz- 
ing treatments  in  all  sampling  periods.  They 


10 


Table  6.  --Average  percentage  of  ground  surface  covered  by  live  vegetation  of  principal  spe 
by  botanical  groups,   grazing  treatments,    and  time  periods 


Botanical  groups 
and 
species 


Grass  and  grasslike: 

Alkali  sacaton 

Blue  grama 

Buffalograss 

Inland  saltgrass 

Needle -and -thread 

Ring  nriuhly 

Sand  dropseed 

Three-awns 

Western  wheatgrass 

Sedges 

Other  grasses 

Total 


Forbs: 

Cryptantha 
Goosefoots 
Milkvetches 
Poverty  sumpweed 
Prairie  sunflower 
Rush  skeletonplant 
Russianthistles 
Scarlet  globemallow 
Scurfpeas 
Silky  sophora 
Slenderbush  eriogonum 
Tansyleaf  aster 
Other  forbs 

Total 


Browse: 


Early  grazing 


1940 
1941 
1942 


1.  55 


1946 
1947 
1948 


1951 
and 
1953 


Late  grazing 


1940 
1941 
1942 


1946 
1947 
1948 


1951 
and 
1953 


Percent 


Season-long  grazing 


1940 
1941 
1942 


1946 
1947 
1948 


17 


24 


2.35 


66 


35 


1.61 


38 


1951 
and 
1953 


0.06 

0.13 

0.06 

0.07 

0.  10 

0.11 

0.05 

0.  59 

0.28 

8.80 

9.68 

7.58 

6.26 

7.42 

6.02 

5.  11 

7.40 

5.10 

.28 

.23 

.29 

.63 

.70 

.29 

2.01 

2.04 

1.57 

.29 

.  11 

.06 

.38 

.11 

.09 

.06 

.09 

.29 

.03 

.07 

.02 

.08 

.10 

.08 

^T 

.01 

.01 

.02 

.01 

.01 

.05 

.02 

.03 

.34 

.25 

.13 

.02 

.01 

.03 

.02 

.02 

.05 

.02 

.  10 

.05 

.  14 

.  17 

.33 

.30 

.24 

.33 

.44 

.61 

.30 

.17 

.05 

.02 

.28 

.16 

.06 

.28 

.  18 

.04 

.02 

.02 

.02 

.02 

.07 

.  11 

.02 

.08 

.01 

.04 

.01 

.01 

.08 

.06 

.03 

,28 

.07 

.01 

9.87 

10.49 

8.43 

8.17 

9.00 

7.20 

8.61 

11.42 

7.79 

.20 

T 

.01 

.26 

.02 

.01 

.  15 

.02 

,01 

.28 

T 

T 

.31 

.02 

.02 

.20 

T 

T 

.02 

T 

.01 

.01 

.08 

.03 

.06 

.03 

.01 

-- 

.01 

T 

.  14 

.05 

.04 

.02 

T 

T 

.06 

T 

T 

.10 

.02 

.01 

T 



.02 

T 

T 

.02 

.01 

.01 

.02 

T 

T 

.02 

T 

T 

.11 

T 

.01 

.04 

T 

T 

.40 

.04 

.01 

.29 

.06 

.03 

.19 

.  10 

.01 

.16 

.01 

T 

.20 

.09 

.03 

.06 

T 

.03 

.05 

.01 

.01 

.05 

.02 

T 

.07 

.03 

.01 

.16 

.06 

.16 

.37 

.22 

.14 

.21 

.  15 

.10 

.04 

T 

.01 

.23 

T 

.01 

.24 

T 

T 

.14 

.04 

.03 

.26 

.07 

.01 

.35 

.05 

.02 

19 


Broom  snakeweed 

.04 

.04 

.02 

.01 

.07 

.03 

.07 

.11 

.03 

Fourwing  saltbush 

.62 

.33 

.34 

.45 

.31 

.15 

.21 

.  11 

.12 

Fringed  sagebrush 

.13 

.09 

.20 

.07 

.13 

.09 

,07 

.04 

.06 

Plains  pricklypear 

.88 

.32 

.32 

.83 

.39 

.47 

.29 

.  17 

.29 

Rubber  rabbitbrush 

.24 

.12 

.05 

.  10 

.20 

.  11 

.22 

.27 

.  11 

Other  browse 

-- 

.06 

.01 

.03 

.02 

.01 

.01 

.03 

T 

Total 

1.91 

.96 

.94 

1.49 

1.  12 

.86 

.87 

.73 

.61 

Total  vegetation 

13.33 

11.62 

9.61 

12.01 

10.78 

8.41 

11.09 

12.  53 

8.59 

^  T  =  less  than  0.  005  percent. 
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increased  between  the  first  and  middle  time 
periods  under  all  three  grazing  treatments, 
but  only  the  average  increase  in  the  season- 
long  pastures  was  significant.  Grass  and 
grasslike  plants  as  a  group  lost  cover  in  all 
three  grazing  treatments  between  the  middle 
and  final  period  of  sampling.  The  season-long 
pastures  suffered  the  largest  loss,  the  early- 
grazing  less,  and  late-grazing  the  least.  Be- 
low-average growing  conditions  during  the 
later  years  of  the  experiment  are  believed 
to  be  a  major  contributing  factor  to  these 
decreases. 

The  reactions  of  the  important  forage  spe- 
cies to  the  three  treatments  are  of  value  to 
sound  grazing  management  of  this  type  of 
range  vegetation.  Blue  grama  was  the  domi- 
nant species  on  all  pastures.  It  was  present 
on  95  percent  of  the  plots  on  the  early-grazed 
pastures  in  the  1940-42  sampling  period,  and 
on  99  percent  of  the  plots  during  the  two  later 
periods.  It  had  average  frequencies  of  87,  90, 
and  96  percent  on  the  late-grazed  pastures; 
and  79,  91,  and  89  percent  on  the  season-long 
pastures,  respectively,  during  the  first,  mid- 
dle, and  final  examination  periods.  Blue 
grama,  as  measured  by  cover,  increased  un- 
der all  grazing  treatments  between  the  initial 
and  middle  periods  of  observation  and  then 
decreased.  The  greatest  increase  between  the 
first  two  periods  was  under  season-long  graz- 
ing and  the  least  under  early  grazing.  The 
subsequent  reductions  in  blue  grama  cover 
were  such  that  the  overall  change  for  the 
period  of  study  was  a  significant  reduction 
under  the  early-grazing  treatment,  and  essen- 
tially no  change  under  the  late- season  and 
season-long  treatments. 

Buffalograss  was  the  second  most  impor- 
tant grass  on  the  pastures.  It  maintained  its 
ground  cover  on  the  early- grazed  pastures, 
but  lost  on  the  late- grazed  and  the  season- 
long  pastures. 

Western  wheatgrass  was  second  to  blue 
grama  in  frequency  of  occurrence  among  the 
grasses,  but  usually  made  less  cover  than 
buffalograss.  Three-awns  were  a  close  third. 
Western  wheatgrass  was  reduced  under  all 
three  grazing  treatments.  Other  grasses  such 
as  needle-and-thread,  alkali  sacaton,  sand 
dropseed,    and    inland    saltgrass    were  minor 


parts    of   the    cover    and  made  no  significant 
changes  during  the  period  of  study. 

Forbs  as  a  group  averaged  1.55,  2.35,  and 
1.61  percent  cover  respectively  on  the  early- 
grazed,  late-grazed,  and  season-long  pastures 
during  the  1940-42  period.  Their  total  cover 
during  the  two  later  periods  was  only  a  frac- 
tion of  a  percent  on  all  three  groups  of  pas- 
tures. Annual  forbs  provided  approximately 
one- half  to  two-thirds  of  the  forb  cover  at  the 
start  of  the  study.  Many  were  entirely  absent 
or  appeared  only  as  occasional  plants  during 
the  later  sampling  periods.  Perennial  forbs 
such  as  scarlet  globem allow,  the  good  forage 
species,  the  leguminous  scurfpeas  and  silky 
sophora,  and  slenderbush  eriogonum,  a  poor 
forage,  usually  decreased  on  the  average 
from  the  first  to  the  last  sampling  period. 

Scarlet  globemallow  and  blue  grama  were 
the  only  species  that  occurred  on  more  than 
50  percent  of  the  plots.  Globemallow  is  high 
in  protein,  is  freely  grazed  by  cattle,  and 
usually  is  available  by  early  May.  It  decreased 
on  all  pastures  on  all  treatments. 

Scurfpeas  were  the  only  other  perennial 
forbs  grazed  regularly.  They  all  but  disap- 
peared from  the  early- grazed  pastures,  and 
showed  major  losses  in  cover  on  the  late- 
grazed  and  season-long  pastures.  Several  of 
the  annual  forb  species,  when  available,  were 
grazed  by  the  cattle.  Annual  forbs,  however, 
are  too  uncertain  to  be  considered  as  a  regu- 
lar source  of  forage. 

Cover  of  browse  species  as  a  group  de- 
clined from  the  initial  to  the  later  periods  of 
observation.  Most  of  this  loss  was  between 
the  1940-42  and  1946-48  periods.  Fourwing 
saltbush  and  plains  pricklypear  were  the 
chief  species  contributing  to  these  losses. 
Changes  by  other  browse  species  varied  con- 
siderably among  the  grazing  treatments.  Over 
the  period  of  study,  total  browse  cover  was 
significantly  reduced  on  the  early- grazed  and 
late- grazed  pastures  but  not  on  the  season- 
long  pastures. 

Fourwing  saltbush  was  the  only  browse 
species  that  the  cattle  grazed  freely.  This 
species  had  lost  approximately  half  of  its 
1940-42  cover  by  1946-48  on  the  early-grazed 
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and  season-long  pastures,  and  then  maintained 
itself  during  the  later  years.  It  was  pro- 
gressively reduced  on  the  late-grazed  pas- 
tures. Fourwing  saltbush  had  significantly 
lower  cover  at  the  end  of  the  study  than  it  had 
at  the  start  on  both  the  early- grazed  and  late- 
grazed  pastures. 

Broom  snakeweed  and  rubber  rabbitbrush 
lost  cover  on  the  early-grazed  and  season- 
long  pastures,  and  approximately  maintained 
themselves  on  the  late-grazed  pastures. 
Fringed  sagebrush  increased  on  the  early- 
grazed  pastures  between  the  middle  and  final 
examination  periods.  It  was  quite  conspicuous 
in  the  remaining  vegetation  at  the  close  of  the 
early  grazing  period  during  the  later  years  of 
the  experiment.  Fringed  sagebrush  approxi- 
mately maintained  itself  on  the  late-grazed 
and  season- long  pastures. 

Plains  pricklypear  is  an  undesirable  spe- 
cies in  the  short- grass  association  over  wide 
areas  of  the  Central  Great  Plains.  Its  average 
cover  was  approximately  equal  to  or  larger 
than  the  average  cover  of  any  one  other 
browse  species  throughout  this  experiment  on 
all  of  the  pastures.  The  general  reactions  of 
this  species  to  the  grazing  seasons  were  loss 
in  cover  on  the  early-grazed  and  late-grazed 
pastures  and  maintenance  on  the  season- long 
pastures. 

Changes  in  the  Composition 

The  more  important  changes  in  the  com- 
position of  the  vegetation  were  the  decreases 
in  the  forbs  between  the  initial  and  middle 
examination  periods,  and  the  increase  in  blue 
grama  during  that  time  interval.  These 
changes  were  quite  similar  under  all  three 
grazing  treatments.  Changes  in  percentage 
composition  between  1946-48  and  1951  and 
1953  were  small.  Forb  and  browse  species 
were  contributing  proportionately  less  and 
grass  species  more  at  the  close  of  the  study 
than  when  it  began.  The  grazing  treatments 
did  not  develop  any  significant  changes  in  the 
composition  of  the  vegetation. 

Changes  in  Herbage  Production 

Herbage  production  and  changes  in  herbage 
production   over   a   period   of   years    are  the 


more  reliable  measures  of  the  impact  of 
grazing  management  procedures.  The  average 
yields  in  pounds  per  acre  by  the  two  groups 
of  grasses  and  sedges--short-grasses  and 
sedges,  and  mid-grasses — on  the  three  pas- 
tures in  each  grazing  season  for  1  year  early 
in  the  experiment,  1943;  for  3  years  late  in 
the  experiment;  and  for  1953,  the  year  follow- 
ing the  close  of  the  grazing  treatments,  are 
listed  in  table  7. 

In  1943,  at  the  start  of  the  study,  average 
yields  of  short- grass  herbage  on  the  early- 
grazed  and  late- grazed  pastures  were  larger 
than  on  the  season-long  pastures.  Mid-grass 
herbage  yields  were  similar  for  all  treat- 
ments that  year.  Both  short- grass  and  mid- 
grass  yields  were  less  in  1949  than  in  1943 
for  all  three  treatments. 

Short-grass  yields  under  season-long 
grazing  increased  to  an  average  602  pounds 
per  acre  in  1953,  significantly  larger  than  the 
498  pounds  produced  in  1943,  On  the  late- 
grazed  pastures,  average  yield  of  short- 
grasses  was  653  pounds  in  1953,  larger  than 
the  467  pounds  obtained  in  1949,  but  smaller 
than  the  743-pound  average  yield  obtained  in 
1943.  The  early-grazed  pastures  produced 
535-pound  average  yield  in  1953,  which  was 
not  significantly  larger  than  either  the  514 
pounds  produced  in  1949  or  the  460  pounds 
produced  in  1950.  It  was  significantly  smaller 
than  the  712-pound  average  yield  produced  in 
1943. 

Mid- grass  herbage  yields  continued  to  de- 
cline under  all  grazing  treatments.  Decreases 
were  most  severe  on  the  early-grazed  pas- 
tures, and  about  the  same  on  the  late- grazed 
and  season-long  pastures.  The  1953  yield  of 
mid-grass  herbage  was  only  approximately  10 
percent  of  what  it  had  been  in  1943  on  the 
early-grazed  pastures,  compared  with  approx- 
imately 38  and  40  percent  for  the  late-grazed 
and  season-long  pastures. 

In  general,  total  production  was  maintained 
on  the  season-long  pastures  but  reduced  under 
early-grazing  and  late-grazing.  The  loss  was 
greatest  on  the  early- grazed  pastures.  Lack 
of  grazing  after  July,  if  it  benefited  the  vege- 
tation at  all,  did  not  provide  sufficient  benefit 
to   offset   the   adverse  effects  of  accelerated 
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Table  7. --Average   herbage   production   of   air-dry  hay  by  forage    groups    and   grazing   seasons, 

1943,    1949.    1950-53 


Grazing  seasons 
and 
forage  groups 


1943 


1949 


1950 


1951 


1953 


Early: 

Short-grasses  and  sedges  712 

Mid-grasses^  206 

Total 


Late: 

Short-grasses  and  sedges 
Mid-grasses 

Total 

Season-long: 

Short-grasses  and  sedges 
Mid-grasses 

Total 


514 
137 


Pounds  per  acre 

460 

83 


72  9 


552 


433 


601 
99 


536 


535 

20 


918 

651 

543 

700 

555 

743 
230 

467 
183 

499 
173 

481 
193 

653 

88 

973 

650 

672 

674 

741 

498 
231 

381 
171 

305 

128 

403 
133 

602 

92 

694 


Blue  grama,   buffalograss,    and  fine 4eaf  sedges. 

Western  wheatgrass,   needle-and-thread,    sand  dropseed,   alkali  sacaton,    inland  saltgrass,   little 


bluestem,   prairie  sandreed,   and  side-oats  grama. 


stocking  during  the  early  part  of  the  growing 
season. 


Reaction  of  Vegetation  to  1954  Drought 

Data  from  six  of  the  nine  pastures,  two  in 
each  grazing  treatment,  were  analyzed  to 
determine  possible  effects  of  past  grazing- 
season  treatments  upon  the  way  the  range 
vegetation  came  through  the  1954  acute 
drought.  Averages  of  the  data  for  1951  and 
1953  were  compared  with  the  average  data 
for  1955  and  1956.  No  real  differences  were 
found  due  to  treatment.  Major  individual  spe- 
cies and  botanical  groups  of  species  reacted 
alike  to  the  drought  conditions  on  all  six 
pastures.  Ground  cover  of  the  more  palatable 
grasses  was  reduced  by  the  drought.  Alkali 
sacaton  and  inland  saltgrass,  found  where 
shallow  water  tables  exist,  increased  in 
ground  cover.  Forbs,  both  desirable  and  un- 
desirable, increased  in  ground  cover,  with 
annual  forbs  making  the  larger  increases.  The 


deep-rooted,  more  desirable  browse  species — 
fourwing  saltbush  and  common  winterfat — 
increased  in  ground  cover  while  the  poor- 
forage  and  nonforage  browse  species  did  not 
change  or  lost  in  ground  cover. 


Mechanical  Impact  of  Concentrated  Stocking 

Some  undesirable  conditions  developed  un- 
der the  concentrated  use  of  the  early  3-month 
period.  Cow-path  gullies  developed  far  more 
rapidly  on  the  early- grazed  pastures  than 
they  did  on  the  season-long  or  late-grazed 
pastures.  The  increased  trailing  to  and  from 
salt  and  water  resulted  in  loose  soil  in  the 
cattle  trails,  which  blew  and  washed  away. 

Two  partially  healed  blowout  areas,  one  on 
sandy  land  in  early- grazed  pasture  13E,  and 
one  on  heavy  soil  in  early- grazed  pasture 
17N,  became  active  again  during  the  study. 
These  areas  were  near  water,  and  the  cattle 
used  them  for  resting  and  rubbing.  Practically 
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no  revegetation  of  open  soil  occurred  on  the 
pastures  subjected  to  early  grazing.  Some  of 
the  cattle  trails  became  relatively  deep. 

In  contrast,  buffalograss  became  estab- 
lished on  portions  of  a  number  of  trails  on 
the  season- long  pastures  during  the  early 
years  of  the  study.  A  few  new  trails  opened 
up  during  the  later  years  of  the  study,  how- 
ever, on  those  pastures  that  were  less  favor- 
able for  plant  growth.  On  the  late- grazed 
pastures,  perennial  grasses  also  became  es- 
tablished on  a  number  of  cattle  trails  that 
were  bare  soil  at  the  start  of  the  experiment 
in  1943.  Several  small  gullies,  active  when 
the  study  started,  became  inactive  in  the  late- 
grazed  pastures  during  the  10  years.  Taller 
vegetation,  especially  Russianthistle,  that  grew 
on  many  of  the  cattle  trails  in  the  late- grazed 
pastures  during  the  May-July  period  often 
induced  the  cattle  to  make  new  trails.  Thus 
many  of  the  trails  on  the  late- grazed  pastures 
were  used  for  only  1  or  2  years  before  they 
were  abandoned.  The  trails  did  not  become  so 
deep,  and  they  often  had  a  chance  to  become 
partially  covered  with  perennial  vegetation 
before  they  were  used  again. 


SUMMARY 

A  grazing  experiment  was  conducted  on 
the  Central  Plains  Experimental  Range  near 
Nunn,  Colorado  from  1943  through  1952  to 
compare  (1)  increased  stocking  during  a  3- 
month  early  grazing  period  (May  10-August 
10,  approximately)  followed  by  a  second  3 
months  on  other  pastures  that  had  been  de- 
ferred during  the  early  period,  with  (2)  aver- 
age stocking  during  a  6- month  season- long 
grazing  period  (May  10-November  10,  approx- 
imately). 

Three  groups  of  three  pastures  were  used 
in  the  experiment  to  allow  for  three  random- 
ized replications  of  each  grazing  period.  Each 
of  the  nine  pastures  was  grazed  for  10  years 
during  the  period  assigned  to  it. 

The  number  of  cattle  grazed  for  the  3- 
month  period  was  approximately  two  times 
the  number  grazed  for  the  6-month  period. 
Stocking  objectives  on  all  treatments  were  to 
make    moderate    utilization    of    the    current 


growth  of  the  herbage  during  the  period  of 
grazing.  Pasture  herds  were  moved  from  the 
early-grazed  to  the  late-grazed  pastures  in 
the  same  block  with  practically  no  change  in 
numbers.  The  moderate  intensity  of  herbage 
removal  was  obtained  quite  regularly  through- 
out the  experiment. 

Both  yearling  steers  and  yearling  heifers 
were  grazed.  The  two  sexes  were  kept  sepa- 
rate at  all  times,  and  all  three  herds  used  in 
a  block  of  pastures  during  any  one  year  were 
of  the  same  sex.  Weight  gains  on  steers  and 
heifers  were  combined  in  determining  aver- 
age weight  gains  per  acre. 

Cattle  concentrated  on  the  early- season 
pastures  made  about  the  same  gains  each 
month  as  cattle  grazing  on  the  season- long 
pastures  at  the  same  time.  Also,  cattle  con- 
centrated on  the  late- season  pastures  made 
about  the  same  gains  each  month  as  those 
grazing  the  season-long  pastures.  Because 
more  cattle  were  concentrated  in  the  early- 
grazed  pastures,  significantly  larger  average 
weight  gains  per  acre  were  made  than  on  the 
season-long  pastures.  Likewise,  because  cat- 
tle were  not  on  the  late- grazed  pastures  dur- 
ing the  early  period  when  best  gains  were 
made,  significantly  smaller  average  weight 
gains  per  acre  were  made  on  the  late-grazed 
pastures  than  on  the  season-long  pastures. 

The  vegetation  on  the  early- grazed  pas- 
tures suffered  significant  losses  in  herbage 
production.  The  pastures  also  suffered  me- 
chanical damage  to  the  vegetation  and  soil 
from  the  heavier  stocking  for  a  shorter  time 
period. 

The  vegetation  on  the  late- grazed  pas- 
tures also  lost  some  in  production  but  there 
was  no  mechanical  damage.  Loss  in  ground 
cover  from  die- out  of  entire  clumps  of  blue 
grama  during  relatively  short,  3-  to  4-week 
periods  of  hot  dry  weather  in  late  July  and 
August,  followed  rather  luxuriant  early- season 
growth.  These  losses  were  quite  heavy  in 
1948  after  a  year  of  high  blue  grama  produc- 
tion in  1947. 

The  vegetation  on  the  pastures  grazed 
season- long  maintained  production  during  the 
10  years  of  the  experiment. 
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COMMON  AND  BOTANICAL  NAMES  OF  SPECIES  MENTIONED 


GRASSES   AND   GRASSLIKE   PLANTS 


Alkali   sacaton 
Blue   grama 
Buf falograss 
Inland   saltgrass 
Little   bluestem 
Need le-and- thread 
Prairie   sandreed 
Ring  muhly 
Sand   dropseed 
Side-oats    grama 
Three-awns 
Western  wheatgrass 
Sedges 


SpoTobolus  airoides  Torr. 
Bouteloua  gracilis    (H.    B.   K.)   Lag. 
Buohloe  dactyloides    (Nutt.)    Engelm. 
Distiahlis  striata    (Torr.)    Rydb. 
Andropogon  scoparius  Michx. 
Stipa  comata  Trin.    &  Rupr. 
Calamovilfa  longi folia  (Hook.)   Scribn. 
Muhlenbergia  torreyi    (Kunth)   Hitchc. 
Sporobolus  cryptandrus    (Torr.)   A.   Gray 
Bouteloua  curtipendula   (Michx.)   Torr. 
Aristida  spp. 
Agropyron  smithii  Rydb. 
Carex  spp . 


FORBS 


Crypt an tha 
Goosefoots 
Milkvetches 
Poverty  sump weed 
Prairie   sunflower 
Rush    skeletonplant 
Russian  thistles 
Scarlet  globemallow 
Scurfpeas 
Silky   sophora 
Slenderbush  eriogonum 
Tansy leaf  aster 


Cryptantha  spp. 
Chenopodium  spp. 
Astragalus  spp. 
Iva  axillaris  Pursh 
Helianthus  petiolaris  Nutt. 
Lygodesmia  Juncea   (Pursh)   D. 
Salsola  spp. 

Sphaeralaea  aoacinea    (Pursh) 
Psoralea  spp. 
Sophora  serecia  Nutt. 
Eriogonum  microtheaum  Nutt. 
Aster  tanaaetif alius  H.   B.   K. 


Don, 


Rydb. 


BROWSE 


Broom  snakeweed 
Common  winterfat 
Fourwing   saltbush 
Fringed  sagebrush 
Plains  pricklypear 
Rubber  rabbitbrush 


Gutierrezia  sarothrae    (Pursh)    Britt.    &  Rushy 
Eurotia  lanata   (Pursh)   Moq. 
Atriplex  aanesaens    (Pursh)   Nutt. 
Artemisia  frigida  Willd. 
Opuntia  polyaaantha  Haw. 
Chrysothamnus  nauseosus    (Pall.)   Britt. 
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Multipurpose  Prefabricated  Concrete  Check  Da 


m 


by 


Burchard  H,  Heede 


NEED  FOR  A  NEW  DESIGN 


DESIGN  OBJECTIVES 


A  new  design  was  needed  to  simplify  the 
construction  of  check  dams  in  fairly  inacces- 
sible mountain  forest  areas.  Often  suitable 
materials  are  not  available  locally,  or  check 
dams  built  from  these  local  materials  require 
various  types  of  equipment,  large  amounts  of 
labor,  and  intensive  supervision. 

A  prefabricated,  partially  prestressed  con- 
crete check  dam^  has  been  designed,  built, 
and  installed  in  a  gully  in  western  Colorado 
(fig.  1).  This  type  of  structure  should  prove 
useful  for  future  gully  control  projects, 
stream  gage  cutoff  walls,  and  other  applica- 
tions. 


The  objectives  for  the  design  were  to  de- 
velop a  structure  (1)  composed  of  units  of 
predetermined  size,  (2)  suited  to  mass  pro- 
duction, (3)  requiring  a  minimum  of  labor, 
machinery,  and  supervision,  and  (4)  adaptable 
to  a  wide  variety  of  sites  and  situations. 

The  feasibility  of  gully  control  is  to  a  great 
extent  a  cost  problem.  This  is  especially  true 
for  the  remote  mountain  areas  of  the  National 
Forests  in  Colorado,  where  present  land 
values  are  low  and  where  flood  flows  do  not 
directly  endanger  human  life  and  property. 
Therefore,  cost  aspects  also  guided  the  design 
of  the  prefabricated  check  dam. 


^Prestressed  Concrete  of  Colorado,  Inc., 
Denver,  helped  in  the  design  of  the  ooncrete 
elements.  Mention  of  oommercial  enterprises 
is  solely  for  necessary  information;  no 
endorsement  by  the  U.  S.  Department  of  Agri- 
culture is  implied. 


Naturally,  costs  are  always  involved  in  or 
influenced  by  a  design.  Yet,  some  cost-design 
problems  are  easy  to  deal  with  while  others 
offer  great  obstacles,  especially  if  viewed  in 
terms  of  years.  Thus,  it  was  relatively  easy 
to  cope  with  cost  factors  such  as  transporta- 
bility of  a  prefabricated  structure,  lifting  and 


Figure   1. — 

Looking  upstream  on 
prefabricated  check 
dam.  Height  of  rod 
leaning  against  dam 
is  5.5  feet. 


placement  of  structural  units,  and  number  of 
individual  units  per  check  dam.  It  was  decided 
that  the  prefabricated  dam  should  be  assem- 
bled in  the  field,  that  the  individual  unit  should 
not  weigh  more  than  2  tons,  that  one  machine 
(backhoe)  should  be  able  to  handle  the  units, 
and  that  the  number  of  concrete  units  should 
be  small. 

But  solving  other  cost-design  problems, 
such  as  those  connected  with  stability  aspects 
and  factors  of  safety,  offers  greater  difficul- 
ties. Where  life  and  property  would  be  endan- 
gered by  the  failure  of  a  structure,  extensive 
effort  to  evaluate  all  site  characteristics  per- 
tinent to  the  safe  design  of  the  structure  are 
justified,  and  large  safety  margins  in  the  de- 
sign itself  are  conventional  and  proper.  In 
general,  structures  designed  for  water  stor- 
age entail  some  jeopardy  to  life  and  high- cost 
property.  It  is  also  true,  in  general,  that  their 
structural  stability  remains  static,  or  deteri- 
orates with  age,  so  that  the  initial  design  must 
be  adequate  to  withstand  the  full  stresses  of 
anticipated  events  indefinitely  or  over  some 
specified  life  of  the  structure. 

On  the  other  hand,  possible  failure  of  gully 
control  structures  in  wildlands  does  not  usu- 
ally jeopardize  life  or  valuable  property. 
Also,  and  very  significantly,  their  design  sta- 
bility is  augmented  in  time  by  the  very  nature 
of  their  fimction — that  of  trapping  sediment  to 
the  point  where  the  structure  crest  becomes  a 
new  level  of  the  upstream  gully  floor.  Thus  an 
effectively  designed  and  placed  check  dam 
should  be  exposed  to  the  full  magnitude  of 
design  stresses  only  during  an  initial  period 
of  time,  and  one  so  limited  that  there  should 
be  very  low  probability  of  an  event  with 
destructive  potential. 

These  considerations  have  been  incorpor- 
ated into  the  design  of  the  prototype  check 
dam,  and  into  the  general  recommendations 
for  such  structures.  It  is  believed  that  they 
form  a  sound  basis  for  a  realistic  design  for 
check  dams  from  the  viewpoints  of  reliability 
and  economics. 

THE   PROTOTYPE 


multipurpose  check  dam.  Such  a  structure  was 
designed  of  nine  major  parts:  six  3-inch  thick 
prestressed  wall  slabs,  manufactured  from 
conventional  concrete,  and  three  buttresses 
with  footing,  formed  into  one  unit  each  from 
lightweight  reinforced  concrete  (fig.  2),  The 
use  of  lightweight  aggregates  saves  one-third 
of  the  weight  as  compared  with  conventional 
concrete.  The  heaviest  part  of  the  structure 
(outside  buttress)  weighs  1.7  tons.  Total 
weight  of  the  dam  is  9.8  tons.  The  overall 
length  of  the  check  dam  is  45  feet;  its  effec- 
tive height  is  4  feet.  Depth  of  freeboard  is  2.5 
feet. 

Location 

The  prototype  check  dam  was  installed  in 
July  1963  in  the  main  gully  of  a  watershed  on 
the  western  slope  of  the  Rocky  Mountains 
about  40  miles  southwest  of  Glenwood  Springs, 
Colorado  (fig.  3).  The  watershed  area  above 
the  dam  is  approximately  1  square  mile; 
elevation  ranges  from  7,500  to  8,500  feet. 
Soils  are  derived  from  shales  and  sandstones 
of  the  Wasatch  formation.  A  tendency  for  sub- 
terranean erosion  or  "soil  piping"  is  an  out- 
standing characteristic  of  the  alluvial  soils  of 
the  main  valley  bottom.  In  selecting  a  site  for 
the  dam,  a  location  was  chosen  where  the 
soils  did  not  "pipe."  The  vegetation  consists 
mainly  of  Gambel  oak,  big  sagebrush,  Kentucky 
bluegrass,  and  western  wheatgrass.  Sagebrush 
occurs  predominantly  on  the  bottom  lands  and 
the  south  slopes.  Gambel  oak  occupies  ridges 
and  the  north  slopes. 

Records  from  1961  to  the  present  show  that 
the  area  received  an  average  total  precipita- 
tion per  water  year  (October  1  to  September 
30)  of  16.5  inches.  Compared  with  longer 
records  from  nearby  stations,  this  amount 
appears  to  be  close  to  normal.  Gully  flow 
is  ephemeral,  and  occurs  during  spring 
snowmelt  and  exceptionally  intense  summer 
storms.  The  load  of  these  flows  consists 
mainly  of  fines  and  sand;  gravel  and  boulders 
are  present  only  occasionally.  Flow  was  not 
measured  before  the  dam  was  installed. 

Placement 


A  slab-buttress  structure  offers  great  ad- 
vantages   in   the   design  and  installation  of  a 


The    check   dam    can  be    placed   within    3 
hours,    not   counting  time  for  excavation  and 


Figure   2. — 

The  units  were  placed 
on  the  gully  bank  to 
facilitate  handling 
by  the  baokhoe. 


backfill.  A  backhoe  (or  a  similar  type  of 
equipment)  and  only  two  laborers  are  re- 
quired. The  machine  (1)  excavates  the  founda- 
tion, (2)  excavates  the  keys  in  the  channel 
bottom  and  side  slopes,  (3)  installs  the  units, 
and  (4)  backfills.  Steel  loops,  attached  to  all 
concrete  units  during  manufacture,  facilitate 
their  handling.  No  hole-to- hole  fitting  is  re- 
quired for  the  placement  of  the  units.  But- 
tresses can  be  alined  horizontally  by  eye,  but 
a  hand  or  engineer's  level  should  be  used  for 
the  vertical  alinement. 


installation  of  the  individual  slabs,  since 
gravity  holds  the  slabs  against  the  buttresses. 
The  sloping  wall  also  increases  the  stability 
of  the  dam  by  adding  the  weight  of  the  water 
to  the  structure  (see  ^W2,  fig.  7).  To  prevent 
slippage  at  the  base  of  the  wall,  the  footing 
adjacent  to  the  buttress  is  grooved  (fig.  4). 
Steel  plates  and  angle  irons  hold  the  upper 
wall  and  the  freeboard  slabs  in  place  during 
the  backfill  operations,  and  add  some  stability 
to  the  dam  wall. 


The  upstream  face  of  the  buttresses  is  in- 
clined to  an  angle  of  about  10  degrees  with  the 
vertical,  and  causes  the  wall  to  lean  down- 
stream. This  inclination  of  the  wall  facilitates 


INSTALLATION  PROCEDURES 

Construction  plans  are  shown  in  figure  5, 
pp.  8-9.  Step-by-step  procedures  are: 


Figure   3. — 

Note  that  the  channel 
side  slope  was  dis- 
turbed as  little  as 
possible  during  ex- 
cavation for  the  key 
and  buttresses. 


w'm 


t^-k 


Figure   4. — 

The  first  wall  slab 
is  set  into  a  groove 
in  the  footing  on  the 
upstream  side  of  the 
buttresses . 


1.  Excavate  for  keys  and  foundation  slabs. 
Place  all  structural  parts  on  the  gully 
bank. 

2.  Install  one  outside  buttress  and  the  center 
buttress.  Set  a  bottom  wall  slab  against 
these  buttresses  so  that  one  end  of  the 
slab  touches  the  bolts  protruding  on  the 
upstream  face  of  the  center  buttress. 

3.  Place  the  second  outside  buttress  (use  the 
first  bottom  wall  slab  to  align  this  but- 
tress). Install  the  second  bottom  wall  slab 


in  the  same  manner  as  the  first.  With 
hammer  and  chisel,  provide  grooves  on 
the  upper  side  of  the  bottom  wall  slabs  to 
accommodate  a  3/8-inch  bolt  (spacing  in- 
dicated in  fig.  5).  Attach  two  steel  plates 
each  to  all  bolts  and  tighten  nuts  loosely. 

4.  Place  the  next  two  wall  slabs. 

5.  Fasten  steel  plate  on  the  bolts  of  the  cen- 
ter buttress  and  tighten  nuts  on  all  other 
bolts.  Make  grooves  on  the  upper  side  of 
the  dam  wall  for  the  accommodation  of 
3/8-  and  5/8-inch  bolts,  respectively. 

6.  Loosely  fasten  angle  irons  and  steel  plates 
to  the  bolts. 

7.  Place  freeboard  slabs  on  the  dam  wall  be- 
tween the  angle  irons  and  steel  plates 
(fig.  6). 

8.  Tighten  all  loose  nuts. 

9.  Drive  at  least  two  steel  posts  into  the 
ground  behind  the  downstream  side  of  the 
foundation  slabs  if  on  bedrock  foundation. 

10.  Backfill  structure  in  layers.  Compact  each 
layer  before  the  next  is  applied  with  ma- 
chine operated  compactor  if  possible. 

11.  Excavate  for  the  installation  of  apron  and 
bank  protection  device  below  the  dam. 
Deposit  excess  material  upstream  from 
the  dam. 

12.  Install  apron  and  bank  protection  work  be- 
low the  dam  with  a  length  not  shorter  than 
1.5  times  the  effective  dam  height. 


Figure  6. — 

Looking  at  the  upstream  face  of  the  aompleted 
dam  before  it  is  backfilled. 
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DISCUSSION  AND  APPLICATION 


Stability  Computations 

Stability  computations  on  the  prototype  (see 
appendix,  p.  14)  considered  overturning,  foun- 
dation pressure,  and  sliding.  Since  the  outside 
buttresses  of  the  structure  are  partially  em- 
bedded in  the  channel  side  slopes,  these  com- 
putations are  based  on  the  conditions  at  the 
center  buttress.  The  design  of  the  individual 
components  of  the  structure  is  beyond  the 
scope  of  this  paper. 


Overturning  and  Foundation  Pressure 

Figure  7  presents  schematically  the  differ- 
ent forces  acting  on  the  center  buttress  and 


Figure    7. — 

Cross  section  of  the  aenter  buttress: 
different  forces  acting  on  the  dam  and 
accounted  for  in  the  stability  compu- 
tations are  illustrated.  The  symbols 
in  the   drawing  are  explained  below. 
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=     Weight  of  components  of 

buttress . 
=  Weight  of  wall. 

=  Weight  of  water. 

=  Buoyant  weight  of  earth. 

=  Buoyant  weight  of  rock  riprap. 

=  Hydrostatic  force  against  wall. 

=  Hydrostatic  force   against 
footing  of  buttress . 

=  Hydrostatic  force  against 
buttress  . 

=  Active  soil  force  on  upstream 
face  of  wall. 

=  Passive  force  of  soil  and  rip- 
rap on  downstream  face  of  wall. 

=  Passive  force  of  soil  and 
riprap  on  downstream  face  of 
buttress . 

=  Components  of  uplift. 


dam  wall  that  were  used  in  the  stability  cal- 
culations. 

The  following  vertical  forces  and  their 
moments  about  A  were  computed:  dry  weight 
of  the  components  of  the  check  dam;  weight  of 
the  water  acting  on  the  dam;  buoyant  weight  of 
the  soil  placed  on  the  upstream  and  down- 
stream buttress  footing;  buoyant  weight  of  the 
rock  riprap  located  on  the  downstream  footing 
of  the  buttress;  and  uplift. 

Since  uplift  was  accounted  for  by  assuming 
50  percent  saturation  of  the  foundation  by 
water,  the  dry  weight  of  the  structural  com- 
ponents was  used.  The  applied  uplift  factor  of 
0.50  is  believed  to  be  rather  high  for  the  par- 
ticular location  of  the  check  dam,  but  if  eval- 
uated in  the  light  of  a  complete  gully  treat- 
ment, the  factor  appears  to  be  realistic. 

It  was  assumed  that  the  soils  on  both  sides 
of  the  dam  and  the  rock  riprap  would  be  fully 
saturated  by  water.  Buoyant  weights  were 
therefore  used.  The  buoyant  weights  were 
calculated  by  subtracting  the  weight  of  water 
from  the  estimated  weight  of  the  materials. 

The  following  horizontal  forces  and  their 
moments  about  A  were  considered:  (1)  the 
hydrostatic  head  of  the  water  upstream  and 
downstream  from  the  dam;  (2)  the  active  soil 
pressure  on  the  upstream  face  of  the  dam 
wall;  and  (3)  the  passive  pressure  of  the  soil 
and  rock  riprap  against  the  downstream  side 
of  the  dam. 

The  hydrostatic  head  upstream  from  the 
dam  was  taken  at  6.5  feet.  This  represents  a 
safety  margin  in  the  stability  computations, 
since  the  actual  hydrostatic  head  decreases 
considerably  at  the  lower  2.5  feet  where  open 
channel  flow  does  not  exist. 


Based  on  the  expected  magnitude  of  flow 
and  the  steep  channel  gradient  (6  percent),  it 
was  assumed  that  tail  water  will  not  occur  at 
the  structure,  and  the  hydrostatic  head  on  the 
downstream  side  of  the  dam  is  given  by  the 
saturation  water.  The  resultant  force  was 
calculated  by  the  Rankine  formula  based  on 
active  and  passive  pressures  of  soil  and 
riprap: 


p  =hl 

E 


jb 


tan^    (46°  ±  1  ) 
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where  Pg  is  the  active  or  passive  soil  force  on 
the  upstream  or  downstream  face  of  the  dam, 
respectively  (the  "plus"  sign  denotes  the 
equation  for  the  passive  and  the  "minus"  sign 
the  equation  for  the  active  pressure),  h  the 
depth  of  the  material,  Yi>the  buoyant  weight  of 
the  material,  and  e  the  angle  of  repose.  To 
simplify  the  calculations,  one  angle  of  repose 
for  both  soil  and  riprap  was  assumed. 

The  location  of  the  resultant  of  the  external 
forces  was  determined  by  dividing  the  sum  of 
the  moments  about  A  of  all  vertical  and  hori- 
zontal forces  by  the  sum  of  the  vertical 
forces.  The  result  shows  that  the  resultant  is 
located  6.09  feet  to  the  right  of  A  or  0.76  foot 
outside  of  the  middle  third  section  of  the 
structure.  Because  stability  conditions  usually 
improve  with  time  at  a  check  dam,  the  result- 
ant will  shift  toward  the  center  of  the  dam. 

When  the  maximum  foundation  pressure  is 
considered  in  the  light  of  the  allowable  pres- 
sure, the  present  location  of  the  resultant 
appears  to  be  acceptable.  The  pressure  at  the 
base  of  the  structure  was  computed  as  fol- 
lows: 


<?  = 


(1   t 


6e 
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The  center  buttress  was  estimated  to  take 
half  of  the  load  acting  on  the  wall  between  the 
outside  buttresses.  In  the  computation  of  this 
load,  the  bottom  wall  slab  was  used.  This  slab 
is  cantilevered  beyond  the  outside  buttress 
for  5.5  feet  (see  appendix,  p.l5).  The  calcula- 
tions of  the  hydrostatic  force,  acting  against 
the  footing  of  the  center  buttress  (Ph2 .  fig.  7), 
were  simplified  by  assuming  a  rectangular 
force  diagram. 


where  q  is  the  pressure  at  base,  [Fthe  sum 
of  all  vertical  forces  acting  on  the  dam,  SLthe 
area  of  the  base  of  the  structure,  e  the  eccen- 
tricity denoting  the  distance  between  the  mid- 
point of  the  structural  base  and  the  location  of 
the  resultant,  L  the  length  of  the  base,  and  the 
"plus"  and  "minus"  sign  the  maximum  or 
minimum  pressure,  respectively.  The  maxi- 
mum foundation  pressure  was  found  to  be 
1,184  pounds  per  square  foot--a   fraction   of 


-  6 


the  estimated  allowable  pressure  of  20,000 
pounds  per  square  foot.  The  foundation  mate- 
rial was  a  sandstone  member  of  the  Wasatch 
formation.  This  rock  is  horizontally  jointed, 
has  some  vertical  seams,  and  is  very 
hard  where  not  exposed  to  long  weathering 
processes. 


buttresses,  the  placement  of  weep  holes  into 
the  buttress  footings,  or  enlargement  of  the 
footings  would  be  other  possible  measures. 
One  may  also  consider  placing  the  structure 
on  interlocking  steel  sheet  piling  or  any  other 
type  of  cutoff  wall.  To  obtain  greatest  benefit, 
the  piling  should  be  watertight. 


Sliding 

The  shear  available  at  the  base  of  the 
check  dam  was  obtained  by  correcting  the 
sum  of  all  vertical  forces  with  an  estimated 
coefficient  of  friction.  The  value  of  this  coef- 
ficient depends  largely  on  the  type  of  the 
foundation.  A  sliding  factor  of  1.2  was  ob- 
tained when  the  available  shear  was  divided 
by  the  sum  of  all  horizontal  forces.  Ideally, 
the  dam  would  not  slide  if  the  factor  were  1. 
Yet,  a  safety  margin  is  desirable.  Conven- 
tionally, a  sliding  factor  of  1.5  or  larger  is 
considered  adequate  for  safety.  In  the  light  of 
general  gully  control  aspects,  the  given  slid- 
ing factor  of  the  check  dam  is  regarded  as 
adequate. 


Ways  to  Increase  Safety  Factors 

When  doubt  exists  about  the  bearing  capac- 
ity of  the  foundation,  the  resultant  should  be 
shifted  into  the  middle  third  section  by  a 
change  in  the  design.  A  very  undesirable 
foundation  would  be  presented  by  swelling 
clays,  for  instance.  Just  a  few  proposals 
shall  be  made  here;  a  multitude  of  measured 
would  lead  to  increased  stability.  For  exam- 
ple, an  additional  foot  of  riprap  could  be  added 
to  the  apron  of  the  dam  to  provide  a  total  rock 
depth  of  2  feet.  This  would  raise  the  sliding 
factor  to  1.83,  and  would  place  the  resultant 
of  the  external  forces  4.66  feet  to  the  right  of 
point  A  or  well  into  the  middle  third  of  the 
structure.  Similar  effects  could  be  obtained 
by  shortening  the  distance  between  the  but- 
tresses. Safety  factors  on  stability  could  also 
be  increased  by  changing  part  of  the  structure 
such  as  the  connection  of  a  key  to  the  footing 
of  the  buttresses.  The  key  would  increase  the 
vertical  forces  (acting  against  sliding)  and  it 
would  decrease  the  uplift  forces  (again  bene- 
fiting the  forces  against  overturning  and  slid- 
ing). The  use  of  conventional  concrete  in  the 


Keying  the  Structure  to  Gully  Side  Slopes 

The  main  critical  locations  on  the  prefab- 
ricated check  dam  exist  where  the  ends  of  the 
wall  are  buried  in  the  banks,  usually  called 
the  keys  of  the  structure  in  the  channel  side 
slopes.  Movement  of  the  water  around  the 
ends  of  the  wall,  determined  primarily  by  the 
head  of  water,  the  permeability  of  the  soils, 
and  the  length  of  the  keys,  may  lead  to  piping 
if  the  fines  are  washed  out  of  the  bank  mate- 
rial. Investigations  on  older  check  dams  have 
shown,  however,  that,  in  ephemeral  streams, 
the  stability  of  the  keys  is  mainly  endangered 
by  the  scouring  action  of  the  water  on  the 
downstream  side.  ^  Here,  the  direct  impact 
from  the  waterfall  or  the  development  of 
eddies  may  cut  the  bank,  with  resultant  loss 
of  key  and  structure,  if  it  is  not  adequately 
protected.  Failures  of  check  dams  by  piping 
were  not  recorded.  These  findings  are  not 
surprising.  Depositions  that  occur  with  time 
on  the  gully  bottom  and  banks  above  the  check 
dam  have  a  sealing  effect,  lengthen  the  route 
of  the  seepage  water,  and  thus  counteract  the 
seepage  forces.  In  contrast,  on  the  down- 
stream side  of.  the  dam,  the  water  flow  over- 
topping the  structure  gnaws  on  the  channel 
side  slopes.  Therefore,  an  efficient  protection 
of  the  side  slopes  below  a  check  dam  is  more 
important  for  structural  stability  than  the 
length  of  the  keys. 

Rock  riprap,  if  used  correctly,  effectively 
protects  gully  side  slopes.  It  provides  extreme 
surface  roughness  to  dissipate  the  energy  of 
the  falling  water,  and  has  a  tendency  to  close 
larger  voids  that  may  occur.  Along  with  other 
factors,  gradation  and  angularity  of  the  rock 
are  very  important  for  efficient  use  of  riprap. 

^HeedSy  Burohard  H.  A  study  of  early  gully- 
oontrol  structures  in  the  Colorado  Front  Range. 
U.  S,  Forest  Serv.  Rocky  Mountain  Forest  and 
Range  Expt,  Sta.y  Sta.  Paper  55,  42  pp.,  illus . 
1960. 
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iXgure  5 .  — 

Detailed  plan  for  aoncrete  aheck  dam. 


Well-graded  rock  prevents  the  occurrence  of 
larger  openings  in  the  riprap  during  place- 
ment, and  angularity  of  the  material  provides 
an  anchorage  between  the  individual  rocks. 
Large  openings  in  the  riprap  should  be  elim- 
inated under  all  circumstances,  otherwise 
wave  actions  may  attack  the  underlying  bank 
material  and  remove  it. 

Seepage  pressure  and  the  safety  of  the  keys 
against  piping  can  be  analyzed  by  the  flow  net 
method.  To  yield  meaningful  results,  this 
method  should  be  applied  by  designers  with 
considerable  experience  in  the  field  of  soil 
mechanics.  In  general  gully  control  work, 
such  computations  do  not  appear  to  be  justi- 
fied. Characteristics  of  soils  vary  greatly 
over  short  distances  along  the  banks  of  allu- 
vial streams.  To  obtain  the  data  needed  for 
the  computation,  extensive  field  sampling  and 
office  work  would  be  required  that  are  out 
of  proportion  to  the  size  of  the  structures 
involved. 

Our  experience  indicates  that  a  key  length 
of  4  feet  in  clayey  soils  and  6  feet  in  sandy 
soils  is  adequate  (see  fig.  3),  but  a  final  deci- 
sion on  these  values  should  be  made  after  site 
inspection. 

If  the  dam  will  be  installed  in  a  sand  bed, 
selected  material  should  be  used  for  backfill- 
ing on  the  upstream  side  of  the  structure. 
Clayey  soils  would  best  fulfill  the  purpose  to 
lengthen  the  seepage  route  of  the  water  around 
the  structure. 

Textbooks  on  soil  mechanics  give  values 
for  the  coefficient  of  permeability,  k,  of  broad 
soil  classification  groups.  These  table  values 
can  be  used  as  a  general  guide  to  the  order  of 
magnitude  of  the  permeability  of  a  given  soil. 
If,  for  instance,  a  porous  soil  is  indicated, 
perhaps  when  k  exceeds  100  feet  per  year, 
supplemental  measures  may  be  required.  An 
effective  device  to  prevent  fines  from  washing 
out  from  around  the  keys  is  the  reverse  filter. 
Such  a  filter  is  established  by  placing  mate- 
rials, graded  from  sand  to  fine  gravel,  under- 
neath the  rock  riprap  on  the  channel  side 
slopes. 

Other  measures  exist  to  counteract  seep- 
age  where    it  may  create  serious  problems. 


The  application  of  swelling  clays  or  cement 
grout  to  the  channel  side  slopes  upstream 
from  the  dam  has  the  same  effect  as  the  bene- 
ficial natural  silting  processes  expected  to 
take  place  with  time. 

While  installing  the  keys  of  the  check  dam, 
there  should  be  minimum  disturbance  of  ad- 
jacent channel  side  slopes  because  previous 
sorting  of  surface  materials  has  clogged  many 
of  the  voids  in  these  slopes.  Destruction  of 
this  natural  arrangement  will  increase  the 
vulnerability  of  the  banks  to  erosion  until  a 
certain  quasi- equilibrium  between  a  given 
flow  and  the  side  slopes  is  established  again. 

On  our  study  area,  certain  soils  seem  to 
exhibit  a  pronounced  tendency  for  "soil  pip- 
ing." Since  little  is  known  about  the  mechan- 
ics and  the  origin  of  this  type  of  subterranean 
erosion,  no  remedy  to  this  phenomenon  can  be 
given.  It  is  advisable  to  avoid  locations  where 
soils  appear  to  be  susceptible  to  this  erosion. 


Suitability  for  Mass  Application 

The  given  design  of  the  check  dam  is  ap- 
plicable to  gullies  of  different  widths  without 
any  change,  but  the  maximum  spacing  between 
buttresses  should  not  exceed  15  feet.  The 
length  of  the  individual  wall  slabs  can  easily 
be  adjusted  without  increasing  costs,  since 
prestressed  slabs  are  usually  formed  in  beds 
several  hundred  feet  long.  Length  of  slab  will 
be  restricted  only  by  aspects  of  transporta- 
bility and  weight.  The  application  of  several 
different  widths  of  slabs  will  increase  costs, 
however,  since  each  width  requires  a  separate 
bed.  In  the  design  of  the  prototype,  only  two 
widths,  2.5  and  3  feet,  were  used. 

Any  increase  in  the  effective  height  of  the 
check  dam  necessitates  redesign.  The  stabil- 
ity computations  on  the  prototype  indicate  that 
an  increase  in  the  height  of  the  center  but- 
tress without  other  changes  in  the  design  may 
place  the  resultant  overturning  force  into  a 
position  that  would  make  the  dam  unsafe.  The 
design  may  be  altered  as  shown  before. 

From  the  discussion,  it  follows  that  amass 
fabrication  on  the  basis  of  the  prototype  de- 
sign is  feasible  if  the  conditions  of  the  indi- 
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vidual  treatment  locations  in  the  gully  are 
considered.  Mass  fabrication  is  highly  desir- 
able. It  is  estimated  that  the  manufacture  of 
15  or  more  of  the  prototype  dams  would  cost 
$1,000  each. 

The  geometry  of  gullies  usually  varies 
greatly  over  short  distances.  These  varia- 
tions in  gully  dimensions  may  allow  the  se- 
lection of  locations  that  not  only  satisfy  the 
requirements  for  the  placement  of  the  dams 
as  dictated  by  structural  spacing  or  foundation 
conditions,  but  may  also  be  suitable  to  a  dam 
with  a  given  design. 

The  design  of  the  prototype  has  been  satis- 
factorily tested  for  mass  application  in  a 
treatment  plan  for  a  gully  more  than  three- 
fourths  of  a  mile  long.  At  the  proposed  struc- 
tural sites,  the  depth  of  the  gully  ranges  from 
approximately  12  to  28  feet  and  the  widthfrom 
about  25  to  40  feet. 

Applicability  to  Weirs 

The  design  of  the  check  dam  is  also  appli- 
cable to  different  types  of  weirs.  In  fact,  it 
appears  to  be  advantageous  to  use  prefabri- 
cated concrete  units  in  weir  construction  be- 
cause of  the  cost  savings.  Forming  cutoff 
walls  and  pouring  concrete  in  the  field  are 
time  consuming  and  expensive.  If  the  design 
is  used  for  stream  gages,  however,  the  re- 
quirements for  the  factors  of  safety  against 
overturning  and  sliding  should  be  increased. 
Alterations  should  be  made,  as  discussed 
previously,  to  shift  the  resultant  force  against 
overturning  into  the  middle  third  section  of 
the  dam,  and  to  raise  the  sliding  factor  to  1.5. 
It  will  always  be  desirable  to  place  the  struc- 
ture -on  some  type  of  a  cutoff  wall  such  as 
steel  piling,  concrete  blocks  or  slabs  if  a 
bedrock  foundation  does  not  exist. 

The  prototype  represents  a  trapezoidal 
broad-crested  weir.  The  spillway  could  have 
other  shapes  or  be  fitted  with  a  sharp- crested 
weir  blade.  If  a  center  buttress  is  required, 
the  height  of  this  buttress  should  be  lowered 
and  the  top  slanted  to  assure  free  flow  over 
the  v/eir. 

Seepage  is  undesirable  for  stream  gaging. 
Products    such   as    swelling  clays  and  gunite 


may  be  used  to  close  voids  between  the  struc- 
ture and  the  bedrock.  To  eliminate  or  de- 
crease the  magnitude  of  the  cracks  between 
the  individual  wall  slabs,  it  may  be  advisable 
to  manufacture  the  wall  in  one  or  two  units 
only. 

The  weight  of  a  stream  gage  wall,  consist- 
ing of  one  or  two  units,  can  be  illustrated  by 
the  prototype:  its  wall  is  45  feet  long  at  its 
maximum  extension,  5.5  feet  high  at  spillway 
elevation,  and  weighs  4.8  tons.  If  lightweight 
aggregates  were  used,  this  wall  would  weigh 
3.2  tons,  or  each  half  1.6  tons. 


RESULTS 

The  ideas  on  the  design  and  construction  of 
the  check  dam,  expressed  earlier,  were  tested 
during  the  flows  from  spring  snowmelt  and 
found  to  work. 

In  April  1964,  the  peak  flow  of  the 
melt  season  occurred  with  a  head  of  0.42  foot 
over  the  spillway  of  the  dam.  This  head  was 
estimated  roughly  to  correspond  to  a  dis- 
charge of  20  c.f.s.  Depth-integrated  samples 
of  suspended  sediment,  taken  from  the  stream 
near  dam  site,  showed  a  concentration  of 
21,000  p.p.m.  Gravel  and  boulders  were  pres- 
ent only  occasionally  in  the  total  sediment 
load  of  the  flow.  The  load  consisted  mainly  of 
fines  and  sands. 

Shortly  after  the  peak  flow  had  passed,  the 
catchment  basin  of  the  dam  was  filled  with 
sediment  deposits  to  the  crest  of  the  spillway 
(fig.  8).  It  was  estimated  that  this  sediment 
amounts  to  4,000  cubic  feet  or  140  tons. 
Runoff  continued  for  5  weeks,  keeping  the 
sediment  above  the  dam  saturated. 

Thus,  the  hydrostatic  forces  of  the  water 
and  the  saturated  soil  pressure  of  the  deposits 
acted  simultaneously  on  the  dam,  and  the 
structure  passed  through  the  most  severe 
test  it  will  probably  ever  experience.  Yet,  no 
displacement  of  the  structural  units  or  ero- 
sion at  the  dam  site  took  place.  The  dam,  the 
gully  side  slope  protection  installed  below  the 
dam,  and  the  apron  withstood  all  forces.  Main- 
tenance will  not  be  required  during  the  coming 
season. 
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Figure   8. — 

Looking  upstream  on  the  prototype 
during  the  recession  flaw  of  the 
spring  snaumelt.  The  head  of  the 
flow  with  reference  to  the  crest 
of  the  spittway  is  0.20  foot,  as 
measured  at  the  crest  gage  near 
the  left  margin  on  the  figure. 
Sediment  has  filled  the  catchment 
basin  of  the  dam  to  the  crest  of 
the  spillway. 
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APPENDIX 
GENERAL  DESIGN  DATA  AND  ASSUMPTIONS 

Weight  of  water  =  62.5  Ibs./cu.  ft. 

Dry  weight  of  soil  =  no   Ibs./cu.  ft. 

Buoyant  weight  of  soil  =  47,5  ibs./cu.  ft. 

Dry  weight  of  rock  riprap  =  125   Ibs./cu.  ft. 

Buoyant  weight  of  rock  riprap  =  62.5  Ibs./cu.  ft. 

Weight  of  reinforced  lightweight  concrete  =  100   Ibs./cu.  ft. 

Weight  of  reinforced  conventional  concrete  =  150   Ibs./cu.  ft. 

Angle  of  repose  of  rock  riprap  =  35° 

Angle  of  repose  of  soil  (angle  assumed  at  high  value  for 

convenience;  true  angle  ranges  between  27°  and  30°.)      =35° 

Coefficient  of  friction  between  dam  and  bedrock  foundation  =  0.80 

Uplift  factor  (bedrock  foundation  seamy)  =0.50 

Allowable  foundation  pressure  (bedrock  with  seams)  =  20  K/sq.  ft. 

NOMENCLATURE  USED  IN  THE  CALCULATIONS 

B         =   Width  of  dam  foundation. 

IH       =  Sum  of  all  horizontal  forces. 

L         =   Length  of  dam  foundation. 

J^Ma     =  Moment  of  all  external  forces  about  point  A. 

)M       =  Moment  of  all  external  forces  about  the  outside  buttress  a. 

'•'  a 

P         =   Horizontal  forces  of  water,  soil,  or  soil  and  rock  riprap. 

R         =   Shear  available  along  base  (sum  of  all  vertical  forces  corrected  by 
coefficient  of  friction) . 

U         =  Uplift  forces. 

Jy       =   Sum  of  all  vertical  forces. 

7,    =  Vertical  reaction  from  one  side  of  the  dam  wall  on  the  center  buttress  b. 
h 
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=  Weight   of  water,    soil,    or   rock   riprap, 


h 
q 

yb 


=   Eccentricity  (horizontal  distance  between  midpoint  of  structure  and 
location  of  resultant  of  the  vertical  and  horizontal  forces) . 

=  Coefficient  of  friction  between  the  dam  and  the  foundation. 

=  Head  or  depth  of  water  upstream  or  downstream  of  the  dam  or  depth  of  soil. 

=  Maximum  pressure  of  structure  exerted  on  foundation. 

=  Unit  buoyant  weight  of  soil  or  soil  and  rock  riprap. 

=  Angle  of  repose  of  soil  and  rock  riprap. 

STABILITY  COMPUTATIONS 

Overturning 

Vertical  Forces  and  Moments  about  A 


Force  x  Arm  =  Moment 


Force 


W, 


W^ 


3  X  8  X  100 
1  X  5.5  X  100 


f/o   =  1  X 


5.5 


X  100 


W^     =  .25  X  5.5  X  15  X  150 
f/„  =  3.25  X  3  X  5.5  X  62.5 


^f/  =  1  >< 


5.5 


X  15  X  62.5 


W^     =   1.5  X  2.5  X  3  X  62.5 


f/. 


E. 


W^     =    .27  X 


3.25  X  3  X  1.5  X  47.5 
1.5 


X  15  X  47.5 


W- 


E, 


W 


E 


.5  X  2.5  X  3  X  47.5 
1  X  2.5  X  3  X  62.5 


U^     =   -1  (.50  X  62.5  X  2.5  x  24) 


U, 


=   -1 


[^ 


50  X  62.5  X  6.5)  -  (.50  x  62.5  x  2.5) 


X  24 


Arm 


Moment 


(lb.) 

(ft.) 

(ft. -lb.) 

= 

2,400 

4.00 

9,600 

= 

550 

5.00 

2,750 

= 

275 

4.17 

1.147 

= 

3,094 

3.875 

11,989 

= 

3,352 

1.625 

5,447 

N 

2,578 

3.58 

9,229 

= 

703 

6.75 

4,745 

= 

695 

1.625 

1,129 

= 

144 

3.34 

481 

= 

178 

6.75 

1,201 

= 

469 

6.75 

3,166 

= 

-1,875 

4.00 

-7,500 

4 

= 

-1,500 

2.67 

-4,005 

V   = 

11,063 

l^. 

=  39,379 
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Horizontal  Forces  and  Moments  about  A 


Cantilever  Reaction  of  Wall 


1  lb. /ft. 
(Assumed  load  for  ease  of  calculations) 


^  5'-6"  ^ 


a 
outside  buttress 


15 '-0' 


center  buttress 


^  a  2  2  b 

V       -  LJLJ-P^   -  1  X  5.5^  ^  a  aq  ih  /ft-, 
h  15  X  2    15  X  2 


Active  Soil  Pressure  on  Wall 


h'^    X  yb   tan^  (45°  -  1)  =  ^ '^      ^  ^^'^  tan^  (45°  -  17.5°)  =  14  lb. /ft 
2  2         2 


Force    x  Arm  =  Moment 


E 


=  6.49    X  2    X  62.5    x  5.5   x  5_^ 

2 

=  6.49    X  2    X   14    X   1.5    X  iil 

2 
.62.5    X  5.5  +  62.5    X  6.5)    ^   3 


=  -1    (62.5    X   1.5    X 


=  -1    (62.5    X   2.5    X 


1.5 


2.5 


X   12) 
X   3) 


.Er-'  t^ 


47.5    X    .5  +  62.5    X   1 
1.5 


) 

— -       .  -  .    )     X    12] 

2  ^  2   '  J 


X  i^'x   tan2    (45°  +  ^^ 


''e^r=  -1  [( 


47.5    X   1.5  +  62.5    X   1 


2.5 


2.5' 


X   tan2    (45°  +  ^)    x   3] 


Force 

Arm 

Moment 

(lb.) 

(ft.) 

(ft. -lb.) 

12,270 

2.83 

34,724 

204 

1.50 

306 

1,125 

0.50 

562 

-  844 

1.50 

-1,266 

-  586 

.83 

-  486 

=  -2,864  1.50         -4,296 


=  -1,851  .83         -1,536 


iH  =     7,454  IMa  =   28,008 
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Sum  of  moments  about  A   of  vertical  and  horizontal  forces: 
39,379  ft. -lb.  +  28,008  ft. -lb.  =  67,387  ft. -lb. 


Location  of  Resultant 


67,387 
11,063 


=  6.09  feet  to  the  right  of  point  i4,  then  e   =  6.09  -  ^  =  2.09  >  ^ 


Pressure  at  Base 


IZ   (1    +   6£) 


11,063    .,    ^  6    X   2.09s 
8x3^  8  ^ 


max 


461   ±   723 
1,184   lb. /ft. 2 


Sliding 


11.063   lb.    X  0.80   =   8,850    lb 
7,454    lb. 

7,454  '^^ 
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THE   BEAVER  CREEK  PILOT  WATERSHED  ^ 
FOR  EVALUATING 
MULTIPLE-USE  EFFECTS  OF  WATERSHED  TREATMENTS 


by 
David  P.  Worley,  Principal  Economist 
Rocky  Mountain  Forest  and  Range  Experiment  Station  ^ 


A  275,000-acre  watershed  on  the  Coconino  National  Forest  in  northern 
Arizona  where  costs  and  benefits  of  intensive  multiple  use  land  management 
are  being  evaluated  as  a  part  of  the  Arizona  Watershed  Program. 

^  Central  headquarters  maintained  in  cooperation  with  Colorado  State 
University  at  Fort  Collins;  research  reported  here  was  conducted  at 
Flagstaff,  in  cooperation  with  Arizona  State  College. 


The  Beaver  Creek  Pilot  Watershed 
for  Evaluating 
Multiple  Use   Effects  of  Watershed  Treatments 


David  P.  Worley 


INTRODUCTION 

Water  supply  problems  are  serious  in  many 
places  in  the  semiarid  Southwest.  The  eco- 
nomic development  of  many  communities  may 
be  curtailed  by  insufficient  water  for  agricul- 
ture, industry,  and  home  use.  One  possibility 
to  increase  streamflow  is  to  change  the  vege- 
tative cover  on  upstream  watersheds. 

Before  attempting  such  practices,  the  ef- 
fects of  these  treatments  on  other  watershed 
values,  that  is,  timber,  forage,  wildlife,  and 
recreation,  must  be  determined.  Also,  if  such 
practices  are  feasible,  operational  techniques 
must  be  developed.  These  can  be  done  on  a 
small  scale  by  applying  treatments  on  pilot 
watersheds  where  detailed  records  of  products 
and  costs  are  kept.  Evaluating  the  benefits  of 
a  large-scale  program  requires,  in  addition, 
the  collection  of  economic  data  about  the  par- 
ticular river  basins  where  such  a  program  is 
contemplated.  The  pilot  plant  then  provides  a 
physical  basis  for  evaluation,  while  the  river 
basin  studies  provide  an  economic  basis.  Both 
must  be  harmonized  to  make  the  complete 
evaluation. 

The  Beaver  Creek  Pilot  watershed  (fig.  1) 
was  set  up  to  try  watershed  management  tech- 
niques to  increase  streamflow.  This  paper 
describes  the  study  to  date.  Summaries  of  the 
production  of  different  products  as  a  result  of 
past  and  present  management  are  presented. 
Product  yields  are  combined  in  a  "product 
mix"  table,  which  shows  the  present  multiple- 
use  picture  for  each  of  three  vegetation  types. 
The  table  provides  a  benchmark  for  later 
comparisons  with  product  mixes  resulting 
from  different  watershed  management  treat- 
ments. The  process  for  extending  physical 
data  from  pilot  plant  to  management  unit  is 
also  discussed. 


THE   BEAVER    CREEK    PILOT  WATERSHED 

The  watershed  area,  275,000  acres,  con- 
tains four  different  vegetation  types;  each 
lype  has  a  different  streamflow  potential.  Only 
the  three  types  containing  trees  are  being 
considered  for  watershed  treatments. 

The  whole  watershed  is  divided  into  small- 
er pilot  watersheds  (fig.  1).  The  smaller 
watersheds  will  be  treated  first  with  a  single 
treatment  prescription.  In  the  juniper  types, 
converting  the  juniper  tree  overstory  to  grass, 
herbs,  and  shrubs  is  contemplated.  Pine-cov- 
ered watersheds  will  receive  several  conver- 
sion and  thinning  treatments.  The  larger 
watersheds- -Bar-M  Canyon,  Woods  Canyon, 
Rattlesnake  Canyon,  and  Dry  Beaver  Creek — 
will  be  used  to  test  combinations  of  treatments 
found  productive  on  the  smaller  watersheds. 
The  objective  is  to  find  out  how  well  results 
can  be  predicted  when  several  treatments  are 
applied  to  larger  areas.  Wet  Beaver  Creek 
and  Red  Tank  Draw  watersheds  will  be  used 
to  develop  operational  techniques  and  deter- 
mine treatment  costs  when  applied  to  project- 
sized  areas. 


SOME   WATERSHED  CHARACTERISTICS 

The  Beaver  Creek  watershed  is  generally 
characteristic  of  Arizona  watersheds.  For 
example,  there  are  about  13  million  acres  of 
land  in  Arizona  covered  by  juniper  woodland 
types  and  3  million  acres  covered  by  the  pon- 
derosa  pine  type.  A  pilot  plant  exhibits  some 
local  peculiarities,  however,  that  are  not 
present  everywhere.  A  careful  description  of 
these  helps  to  interpret  Beaver  Creek  results. 

Some  information  is  now  available  about 
precipitation,    soils,    and    watershed    cover. 
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Figure   1.— BEAVER  CREEh. 
PILOT  WATERSHED: 


SEMIDESERT  ZONE  receives  so  littU 
rainfall  that  watershed  managemen.- 
is  not  contemplated  at  this  time. 


ALLIGATOR  JUNIPER  (foreground)  i 
sparse,  appears  on  rolling  topog 
raphy  and  is  interspersed  her 
with  turbinella  oak. 

UTAH  JUNIPER  (background)  occur 
on  flat  benches  between  deeply  au 
valleys.  It  is  denser  than  it 
sister  type. 


rLAOSTAFF 


BEAVER     CREEK 
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0        12        3 
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tinlmpfovffd     Roodwo 


PoAdtroia     Pini 


PONDEROSA  PINE  occurs  on 
rolling  topography .  Dense 
two-storied  stands  are  in- 
terspersed with  sienagas . 
Garribel  oak  is  found  singly 
or  in  copses  with  the  pine. 


These  seem  most  important.  Other  character- 
istics will  be  considered  as  the  data  become 
available. 

Precipitation 

Precipitation  is  a  major  limiting  factor  af- 
fecting the  amount,  timing,  and  quality  of  the 
products  produced  on  the  watershed.  The 
Beaver  Creek  precipitation-measuring  net- 
work consists  of  49  stations.  The  whole  water- 
shed area  is  covered  generally,  but  gages  are 
concentrated  near  the  small  subwatersheds  to 
allow  intensive  analyses. 


Summaries  of  storm,  seasonal,  and  annual 
precipitation  are  made  for  the  various  water- 
sheds. These  data  have  been  used  to  help  ex- 
plain streamflow  characteristics.  They  will 
also  be  used  to  refine  watershed  calibration 
to  speed  up  the  treatment  program. 

Seasonal  and  annual  range  in  precipitation 
amounts  to  about  half  the  average  (table  1). 
Differences  between  seasons  in  any  one  year 
are  even  greater.  Seasonal  and  annual  varia- 
tions are  closely  associated  with  differences 
in  product  yields,  which  will  be  presented 
later. 


Table  1.  --Precipitation  by  vegetation  type  on  Beaver  Creek  watersheds 


Months 

Utah  _ 

viniper 

Alligator  juniper 

Ponderosa 

pine 

1958 

1959 

1958 

1959 

1958 

1959 

Inch 

2.21 

es 

October 

1.49 

1.40 

1.00 

2,  54 

0.91 

November 

3.49 

1.61 

4.  95 

1.86 

6.43 

2.34 

December 

.66 

.03 

.92 

.05 

1.04 

.05 

January 

.38 

.57 

.43 

.61 

.  58 

.79 

February 

2.65 

1.98 

3.19 

1,76 

3.  52 

2.74 

March 

3.92 

0 

4.88 

,06 

5.8] 

.06 

April 

1.69 

1.  50 

1.85 

1.64 

1.92 

1.74 

May 

.51 

.60 

.76 

.53 

.62 

.51 

June 

.10 

.43 

.34 

.70 

.87 

.99 

July 

.24 

1.86 

.76 

1.60 

.53 

1.75 

August 

2,06 

2.99 

4,28 

3.19 

4.27 

4.  50 

September 

6.04 

.16 

4.82 

.01 

5.74 

.22 

Total 

23.23 

13,  13 

29.39 

13,01 

33.87 

16.60 

Average 

18 

.56 

20 

.98 

24 

.85 

In  5  years  of  record,    1958-62,    1958  is  the  wettest  year  and  1959  the  driest. 
2 
Arithmetic  average  for  the  5 -year  period,    1958-62. 
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Soils 

Soils  have  as  parent  materials  basalt, 
volcanic  cinders,  sandstone,  and  limestone.  ^ 
Below  5,000  feet  elevation  sandstone  and 
limestone  predominate.  Above  5,000  feet,  in 
the  area  where  watershed  treatments  are 
planned,  the  parent  material  is  mostly  basalt 
and  cinders. 

Basalt  and  cinders  develop  into  heavy  clay 
soils.  Surface  soils  (down  to  about  3  inches  in 
depth)  are  silty  loams  or  clays.  Subsurface 
soils  are  nearly  all  clays  or  silty  clays. 
Structure  is  often  massive  with  slow  infiltra- 
tion rates  as  soils  become  saturated.  Many  of 
the  soils,  particularly  in  the  pinyon-juniper 
areas,  are  montmorillonitic  clays.  These 
clays  characteristically  shrink  and  swell  in 
response  to  moisture  changes,  so  that  large 
cracks  form  during  dry  periods.  These  soils 
also  tend  to  seal  quickly  as  they  become  wet. 
Treatments  that  change  plant  cover  may  also 
change  surface  soil  conditions,  and  could  have 
a  profound  effect  on  the  yields  of  all  products. 

Detailed  soils  analyses  have  been  made  for 
the  various  soils  types.  The  range  of  soils 
encountered  is  relatively  narrow  (fig.  2).  Spe- 
cial soils  data  were  collected  at  each  perman- 
ent installation  for  measuring  range  and 
timber  products.  Relations  between  soil  and 
these  products  will  be  determined. 


Watershed  Tree  Cover 

Since  tree  cover  is  the  characteristic  that 
will  be  altered  in  the  manipulation  of  vegeta- 
tion on  watersheds,  it  needs  to  be  described 
carefully  to:  (1)  determine  treatment  feasi- 
bility, (2)  describe  the  treatment  precisely 
once  it  is  imposed,  and  (3)  provide  a  basis  for 
cost  analysis.  The  ponderosa  pine  on  water- 
shed 12  was  inventoried  in  detail  to  develop 
efficient  methods  of  inventory. 


90  80  70  60  50  40  iO  20  10 

PERCENT  SAND 


SURFACE  SOIL 
H    ^01 L  ABOUT  1  FOOT  DEEP 
\r77A    SOIL  ABOUT  2  FEET  DEEP 

Figure   2. — Soil   textures  on  the  Beaver  Creek 
Pilot  Watersheds . 

scription  uf  stand  conditions  based  on  three 
basal  area  stocking  levels  (25,  50,  and  75 
square  feet  per  acre)  so  that  the  portion  of  a 
watershed  not  stocked,  stocked,  and  over- 
stocked with  trees  of  different  characteristics 
at  these  levels  can  be  determined. 

The  importance  of  these  data  in  describing 
pilot  watershed  characteristics  can  be  shown 
by  a  brief  example.  Consider  a  proposition  to 
thin  the  ponderosa  pine  to  50  square  feet  of 
basal  area.  Reference  to  table  2  shows  that 
the  treatment  would  only  affect  68  percent  of 
the  area«  It  would  not  apply  to  the  16  percent 
already  properly  stocked  or  the  16  percent 
understocked.  The  desired  stocking  would 
exist  on  84  percent  of  the  watershed  after 
treatment.  From  this  and  more  complex  sta- 
tistics of  the  same  sort,  treatment  feasibility 
can  be  judged.  Since  the  point  sample  was 
made  to  cover  the  watershed,  the  treatment 
can  be  described  precisely  by  reinventory, 
and  the  needed  data  for  cost  analysis  are 
available. 


The  point- sampling  system  used  to  inven- 
tory the  timber  stands  provided  data  for  de- 


^U .  S.  Forest  Service.  Soil  management 
report  for  Beaver  Creek  watershed  of  the 
Coconino  National  Forest^  Region  3.  69  pp., 
illus.     July   1960. 


WATERSHED   PRODUCT  HIGHLIGHTS 

Streamflow 

Potential  streamflow  changes  are  the  cri- 
teria  for   the    selection   of   watershed  treat- 


Table  2.  --Percentage    of   area   stocked   with  trees  to  different  basal-area   levels,    watershed    12 


Basal 

-area  level 
and 
condition 

Ponderosa  pi 

ne 

Gambel 
oak 

Alligator 
juniper 

All 

stand 

Saw- 
timber 

Poles 

Saplings 

Repro- 
duction 

All  size 
classes 

species 

_     Poft~  or^t 

nf 

2  5  sq. 

ft.   per  acre: 

Pro 

perly  stocked 

38 

21 

13 

13 

9 

15 

14 

5 

Ove 

rstocked 

31 

43 

48 

36 

87 

25 

12 

94 

Not 

stocked 

31 

36 

39 

51 

4 

60 

74 

1 

50  sq. 

ft.   per  acre: 

Properly  stocked 

28 

23 

16 

16 

16 

17 

10 

13 

Ove 

rstocked 

13 

25 

31 

23 

68 

15 

6 

77 

Not 

stocked 

59 

52 

53 

61 

16 

68 

84 

10 

75  sq. 

ft.   per  acre: 

Pro 

perly  stocked 

20 

23 

16 

16 

14 

16 

8 

17 

Ove 

rstocked 

9 

16 

22 

18 

60 

11 

4 

67 

Not 

stocked 

71 

61 

62 

66 

26 

73 

88 

16 

Tally  of  two  or  more  trees  with  one -tree  expectation  as  a  stocking  criterion. 


ments,  and  they  form  one  basis  for  judging 
the  success  or  failure  of  treatments.  Each  of 
the  subwatersheds  is  stream  gaged;  a  total  of 
24  gages  are  used.  Eighteen  of  these  are 
specially  constructed  flumes  on  small  water- 
sheds; the  remaining  six  gage  larger  water- 
sheds. Fourteen  of  the  eighteen  are  designed 
to  measure  flow  to  320  cubic  feet  per  second 
(c.f.s.)  and  four  measure  flow  to  120  c.f.s.  Of 
the  six  larger  watersheds,  three  are  gaged 
over  specially  designed  weir  controls  with 
capacities  to  1,000  c.f.s.  The  other  three  are 
measured  over  mainly  natural  controls  sup- 
ported by  only  minimal  artificial  structures. 
Data  from  four  of  the  larger  stream  gages  are 
taken  and  summarized  by  the  U.  S.  Geological 
Survey.  • 

No  record  of  underground  flow  is  being 
made.  It  is  believed  that  the  treatments  de- 
signed to  increase  streamflow  will  not  signif- 
icantly affect  underground  flow  since  there  is 
little  evidence  of  ground  water  flow  in  either 
the  form  of  springs  or  in  the  streamflow 
hydrographs. 

To  decide  if  a  treatment  affects  stream- 
flow,    pretreatment    streamflow   is  gaged  for 


several  years  on  a  watershed  to  characterize 
it  in  an  untreated  condition.  Classically  this 
is  done  through  a  calibration  process  in  which 
the  annual  flow  of  one  watershed  is  compared 
with  that  of  another  to  predict  streamflow  of 
the  watershed  to  be  treated.  Once  this  water- 
shed is  treated,  streamflow  departures  from 
predicted  streamflow  attest  to  changes  due  to 
treatment.  This  process  usually  takes  many 
years,  since  each  year  forms  but  a  single  ob- 
servation. In  this  area  of  intermittent  stream- 
flow,  however,  it  is  possible  to  analyze  flow 
periods  instead  of  yearly  totals.  This  modifi- 
cation is  1.7  times  more  efficient  than  yearly 
totals  in  the  juniper  types. 

Another  step  is  being  taken  to  further  re- 
duce the  calibration  time  to  speed  up  the  pro- 
gram. This  is  an  analysis  of  recession  and 
rising  stages  from  which  streamflow  charac- 
terizations can  be  described  mathematically 
for  a  watershed  without  using  control  water- 
sheds. Posttreatment  changes  can  then  be 
calculated  and  summed  for  seasons  or  years. 

The  annual  streamflow  of  the  various  cover 
types  can  be  characterized  from  measure- 
ments of  small  untreated  watersheds  to  show 


characteristics  of  importance  to  evaluation 
(table  3).  The  streamflow  from  these  water- 
sheds varies  greatly  between  watersheds 
within  types  for  any  one  year  as  well  as  be- 
tween years.  Variability  between  years  fol- 
lows precipitation  patterns  closely.  Year-to- 
year  variation  is  about  as  great  as  the  average 
streamflow. 

Table  3.  --Average  streamflow  in  inches     from 
several    watersheds    on    Beaver    Creek,    by 
water   year    (October  1    -  September  30)  and 
tree  cover  type 


Cover  type 

and 
water  year 

Water- 
sheds 

Streamflow 
per  unit  area 

High 

Low 

Average 

Ni 

amb 

er 

-  Inches   - 

-   - 

Utah  juniper: 

1958 

3 

0.94 

0.74 

0.82 

1959 

3 

0 

0 

0 

1960 

3 

.62 

.  59 

.61 

1961 

3 

.28 

.  16 

.21 

1962 

3 

.  18 

.  13 

.16 

Average 


40 


32 


36 


Alligator 

junip 

er: 

1958 

2 

6.05 

4.  85 

5.45 

1959 

3 

.61 

.06 

.33 

1960 

3 

5.07 

3.19 

3.91 

1961 

3 

1.19 

.44 

.85 

1962 

3 

6.00 

3„62 

5.09 

Average 


3.7J 


2.43 


3.  13 


Ponderosa  pine 

1958 

2 

11.69 

11.  17 

11.43 

1959 

4 

1.  04 

.  17 

.42 

1960 

6 

7.49 

3.75 

5.11 

1961 

6 

2.39 

.73 

1.50 

1962 
Average 

6 

9.05 

4.94 

6.67 

6.33 

4.15 

5.03 

Computed  from  preliminary  area  determina- 
tion for  individual  watersheds. 

I  Of  particular  importance  is  the  great  vari- 
bility  between  watersheds  in  the  same  year. 
kVithin-year  differences  represent  a  greater 
proportional  change  in  low  streamflow  years 
han  in  high  streamflow  years.  In  the  pine  and 


alligator  juniper  watersheds,  the  bulk  of  the 
flow  is  due  to  general  winter  storms,  with 
snow  accumulation  forming  a  large  part  of 
the  effective  precipitation.  These  watersheds 
maintain  consistent  ranking  in  terms  of  their 
water  yields.  Utah  juniper  watersheds,  on  the 
other  hand,  depend  upon  local  summer  storms 
to  a  greater  extent.  The  location  of  these 
storm  centers  plays  a  greater  role  in  annual 
streamflow  so  that  sometimes  one  watershed 
is  ranked  high  and  sometimes  another.  These 
facts  point  up  the  importance  of  carefully 
collecting  and  interpreting  hydrologic  data  to 
account  for  these  differences  to  improve  pre- 
dictions, and  ultimately  to  suggest  watershed 
characteristics  that  may  be  correlated  with 
high  yield  to  be  looked  for  in  other  watershed 
areas. 


Suspended  Sediment 

Suspended  sediment  samples  have  been 
collected  from  each  flume  at  irregular  inter- 
vals (table  4).  They  do  not  provide  data  from 
which  total  sediment  yield  can  be  estimated; 
rather  they  were  intended  to  characterize 
amounts  of  suspended  sediment  at  different 
levels  of  flow. 

These  data  indicate  that  Utah  juniper  wa- 
tersheds contribute  far  more  suspended  sedi- 
ment during  periods  of  streamflow  than  do  the 
alligator  juniper  watersheds.  Untreated  pine 
watersheds  appear  to  yield  least  of  all.  Thin- 
ning pine  apparently  did  not  produce  major 
sediment  increases,  while  pine-to-grass  con- 
version caused  tremendous  but  short-lived 
increases. 

On  a  pine  watershed  during  the  winter  of 
1961-62,  both  bedload  and  suspended  sediment 
yields  were  measured  for  extended  periods  of 
flow.  About  350  pounds  of  sediment  per  square 
mile  were  measured  for  the  winter  flow;  the 
mineral  fraction  was  composed  of  14  percent 
sand,  47  percent  silt,  and  39  percent  clay  (see 
fig.  2). 


Timber  Production 

Timber   production   is  being  estimated  on 
each  watershed  by  a  stand  projection  system. 
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Table  4.  --Suspended    sediment   in   parts    per   nnillion  (p.  p.  m. )   determined  from   watersheds    with 
different  cover  conditions,    Beaver  Creek  watershed,    1957-62 


Cover  type 

Samples 
taken 

Maximum  suspende 

d 

sedim 

ant 

measured 

Proportion 
of  samples 

1957 

1958 

1959 

1960 

1961 

1962 

under 
500  p.p.  m. 

Number 
20 

J 

Percent 
47 

Utah  juniper 

-- 

6,600 

-   £^ 

3,200 

17,400 

-- 

Alligator  juniper 

60 

3,000 

630 

4,500 

2,200 

120 

330 

83 

Ponderosa  pine 

280 

-- 

200 

20 

210 

190 

110 

100 

Thinned  pine 

40 

130 

480 

-- 

180 

320 

100 

100 

Pine  cover  converted 

to  grass  cover 

30 

— 

13, 100 

560 

70 

830 

230 

78 

Growth  is  tabulated  in  total  cubic  feet  of  solid 
wood  per  acre  per  year  by  tree  size  and  qual- 
ity classes.  Later  this  is  converted  to  board- 
foot  and  cordwood  growth. 

A  preliminary  estimate  of  timber  growth 
on  the  ponderosa  pine  portion  of  the  watershed 
was  made  from  32  continuous  inventory  plots 
(part  of  the  Coconino  National  Forest  control 
system)  on  the  Beaver  Creek  watersheds. 
They  were  first  measured  in  1950  and  re- 
measured  in  1961. 

Data  for  watershed  12  (table  5),  inventoried 
in  the  summer  of  1962  are  fairly  typical  of 
the  type  as  a  whole. 

As  different  watersheds  are  treated,  effects 
on  the  growth  of  different  sizes  and  qualities 
of  timber  will  be  determined  to  give  a  physi- 
cal background  for  judging  the  economic  im- 
portance of  the  new  timber  production. 


Herbage  Production 


to  provide  a  basis  for  adjusting  weight  esti- 
mates. They  provide  a  measure  of  the  herbage 
produced  by  individual  species  at  the  particu- 
lar locations  each  year.  They  are  inadequate, 
however,  for  characterizing  production  on 
entire  watersheds.  Changes  due  to  treatment 
are    determined  by  periodic  remeasurement. 

Limited  measurement  of  herbage  produc- 
tion on  treated  areas,  adjacent  to  untreated 
watersheds,  suggests  the  following  increases 
may  result: 


Increases  in 


Cover  type 
and  treatment 


Grass 
production 


Utah  juniper: 

Removed  juniper      2  times 
Alligator  juniper: 

Removed  juniper      None 
Ponderosa  pine: 

Converted  to  grass  4-5  times 

Thinned  to  80  sq. 

ft.  basal  area  per 

acre  2-3  times 


Total 
herbage 

2-3  times 

1-1  itimes 

4-5  times 


2-3  times 


Herbage  production  is  estimated  at  10  lo- 
cations within  each  of  the  small  watersheds 
(table  6).  At  each  location  is  a  cluster  of  10 
permanently  located  9.6-square-foot  plots. 
Herbage  weights  are  estimated  on  five  of 
these  plots,  and  five  are  reserved  for  clipping 


Increases  are  based  on  production  estimates 
made  during  the  first  three  to  four  posttreat- 
ment  years. 

Herbage    production   is  low.   The  range  of 
data  suggests  large  proportional  changes  due 


Table   5.  --Annual  volume  and  growth  per  acre  of  the  timber  overstory  on  watershed  12,    measured 
first  in  1950,    remeasured  in  1961,    inventoried  in  1962,    Beaver  Creek  watershed 


Species  and  size  class 


Volume 


Growth 


Cu.ft. 


Bd.ft. 


Cords  Cu.ft.  Bd.ft.         Cords 


PONDEROSA   PINE-- 

Poles: 

Small  (4-6  in.    d.b.h.) 
Large  (8-10  in.    d.b.h.  ) 

Sawtimber : 

Small  (12-16  in.    d.b.h,  ) 
Medium  (18-22  in.    d.b.h.) 
Large  (24  in.    and  over  d.  b.  h.  ) 

Total 


OAK 
JUNIPER 

Total 


233 

-- 

1.04 

212 

-- 

2.  37 

181 

607 

1.91 

314 

1,456 

-- 

299 

1,673 

-- 

6.8 

-- 

0.03 

6.  1 

-- 

.07 

5.2 

16.8 

.06 

.8 

3,9 

-- 

4.6 

23.8 

-- 

1,239 

3,736 

5.  32 

^33.5 

44,  5 

,  16 

198 
109 

-- 

3.72 

3.  5 
.9 

-- 

,04 

1,546  3,736  9,04 


37,  9 


44.  5 


20 


Growth  of  pine  determined  with  standard  error  of  +   2.  1    cubic  feet  per  acre  per  year. 


to  treatment,  but  the  actual  changes  are 
small.  Analysis  by  individual  species  indi- 
cates that  their  production  is  strongly  affected 
by  timing  and  amount  of  precipitation. 

Steps  are  being  taken  to  relate  soils  to 
forage  production.  The  intent  is  to  map  over- 
story  and  soils  characteristics  on  the  water- 


sheds to  determine  the  proportion  of  the 
watershed  in  different  soils-overstory  class- 
es. By  noting  these  different  soils-overstory 
classes  and  weighting  them  by  the  area 
mapped  in  these  classes,  an  average  produc- 
tion figure  can  be  determined  for  the  water- 
shed. Plot-cluster  records  taken  annually  will 
serve  to  adjust  for  year-to-year  variation. 


Table  6.  --Herbage  produced  on  plots  within  untreated  watersheds,    by  cover  type 

Beaver  Creek  watershed 


Cover  type 


Utah  juniper 
Alligator  juniper 
Ponderosa  pine 


Perennial  grasses  produced 
(3  years'   record) 


Range 


Average 


Total  herbage  produced 
(2  years'   record) 


Range 


Average 


-   -   -  Air-dry  pounds  per  acre 

15-    30  20  200-210 

130-240        190         370-540 

60-140        100         185-195 


205 
450 
190 
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Wildlife  and  Recreation 

Wildlife  and  wildlife  recreation  are  being 
evaluated  cooperatively  with  the  Arizona  Game 
and  Fish  Department.  A  system  of  permanent 
plots  on  which  groups  of  pellets  are  counted 
periodically  has  been  maintained  since  1958 
to  estimate  wildlife  use  of  different  areas. 
Deer  use  is  estimated  from  the  widely  used 
average  deer  defecation  rate  of  13  groups  per 
animal  per  day.  On  this  basis,  the  estimated 
deer  population  has  averaged  seven  per  square 
mile  for  the  entire  Beaver  Creek  study  area. 

Year-to-year  populations  ranged  from  4  to 
14  deer  per  square  mile  during  the  period  of 
record,  1958  to  1962.  This  fluctuation  may  be 
due  to  differences  in  weather  conditions  and 
to  a  declining  herd  during  this  period.  Im- 
proved sampling  techniques  are  now  being 
used  by  the  Arizona  Game  and  Fish  Depart- 
ment to  determine  the  populations  of  elk  and 
turkey. 

Records  of  wildlife-based  recreation  are 
provided  by  cooperative  hunter  check  stations 
and  traffic  counters.  Statistics  for  1961  and 
1962  are  as  follows: 


1961 


1962 


Number  of  hunter  vehicles 
Hunter  vehicles  as  a  percent 

of  the  total 
Average  number  of 

hunters  per  vehicle 
Number  of  hunters 
Total  days  afield 
Average  days  afield 
Deer  killed 

Hunter  success  percent 
Acres  per  day  afield  for 

area  covered  (approx.) 


1,750 

2,380 

43.5 

54.5 

2.3 

1.8 

3,996 

4,368 

5,994 

4,805 

1.5 

1.1 

304 

315 

7.6 

7.2 

25 


30 


A  MULTIPLE   USE    PRODUCT  MIX 

To  have  a  beginning  point \  for  a  multiple 
use  evaluation,  a  benchmark  is  needed  from 
which  to  compare  present  products  with  those 
produced  under  new  practices.  It  can  be  es- 
tablished by  showing  the  pretreatment  esti- 
mates of  all  the  product  yields  in  the  form  of 
a  product  mix  table  (table  7).  A  product  mix 
table  describes  multiple  use  by  spelling  out 
the  quantities  of  products  that  come  from  a 
particular  area  or  class  of  land.  Since  all 
summaries  in  table  7  are  based  on  less  than 


t 


Table    7.  --Beaver  Creek  product  mix  from  untreated  areas,    1958-62 


Cover  type 


Average  yield,    by  product 


Water 
per  acre 


Forage-grass 
per  acre 


Per  year 


Total 


Timber  per  acre 
per  year 


Game 


Hunter  use 


Inches  Pounds,    air-dry  Ft.b.m.   Cords     Cu.  ft.      Deer/sect.    Hunter  days /sect. 

Ponderosa  pine              5.0  100              190      ^44.5    ^   0.16     ^33.5 

Alligator  juniper          3.1  190             450               --             --          1-3 

Utah  juniper                      .4  20             205               --             --          2-4 

Combined  types               --  --                --               --             --             --                 7                         20-25 


Watershed  12, 
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5  years  of  data,  and  some  from  restricted 
parts  of  the  watershed,  this  first  approxima- 
tion is  crude.  The  records  will  be  refined  and 
jexpanded  to  make  future  comparisons  more 
precise  as  the  project  continues. 

Comparison  with  posttreatment  tables  will 
show  what  is  gained  and  sacrificed  in  multiple 
{use  terms  for  a  redirection  of  management. 
Such  comparisons  form  a  physical  basis  for 
deciding  from  among  alternative  practices. 
For  example,  it  may  be  decided  to  increase 
streamflow  by  a  particular  amount,  and  the 
pilot  plant  studies  may  suggest  several  ways 
to  do  this.  A  comparison  of  the  product  mixes 
for  the  several  alternatives  provides  a  basis 
for  an  appraisal  of  the  advantages  and  disad- 
vantages in  physical  product  terms. 

By  comparing  before- and- after  product 
mixes,  including  posttreatment  changes,  gen- 
eralizations can  be  quantified.  In  a  heavy 
clearing  treatment,  for  example,  water,  sedi- 
ment, and  forage  can  be  expected  to  increase, 
while  ultimately  timber  production  will  de- 
crease. Game  habitat  will  be  affected  ad- 
[versely  for  some  species  and  favorably  for 
{others.  Most  of  the  resultant  product  mixes 
|wiil  not  be  static,  but  will  change  from  year 
ito  year  as  the  land  adjusts  to  treatment.  In 
'the  short  run,  for  example,  greatly  expanded 
timber  harvests  will  increase  economic  ac- 
tivity, but  finally  it  must  assume  a  lower 
jlevel. 

FROM  PILOT  PLANT  TO 
MANAGEMENT  UNIT 

As  soon  as  posttreatment  results  become 
available  from  the  pilot  watersheds,  they  will 
be  generally  useful  to  land  managers.  Precise 
.quantitative  extensions  of  pilot  plant  results, 
jhowever,  will  rest  largely  with  research  in 
jthe  various  technical  fields.  The  pilot  plant, 
jthen,  is  a  vital  link  between  research  results 
land  application.  It  becomes  a  proving  ground 
to  determine  the  utility  of  research  results  in 
a  project-sized  operation.  It  becomes  adevel- 
jopmental  laboratory  for  designing  inventory 
;techniques  for  measuring  research  variables 
in  the  field  efficiently  enough  to  be  practical 
for  management  and  precisely  enough  to  lend 
practical    meaning    to    research   results.    It 


points  out  gaps  in  knowledge  that  need  to  be 
filled  so  that  recommended  management 
practices  can  be  translated  into  action. 

The  above  requirements  impose  several 
tasks  on  the  pilot  watersheds  as  major  re- 
sponsibilities: 

1.  To  describe  the  watershed  characteristics 
in  detail  so  that  the  pilot  watershed  limits 
are  stated  in  terms  that  will  harmonize 
with  research  work  in  the  various  fields. 
Watershed  characteristics  described  ear- 
lier suggest  some  of  the  limits  set  by  pre- 
cipitation, soils,  and  tree  overstory. 

2.  To  develop  efficient  methods  for  inventory- 
ing independent  factors  required  by  re- 
search relations  so  that  they  can  be  used 
for  predicting  outcomes  in  larger  manage- 
ment situations.  Range  research,  for  ex- 
ample, has  indicated  the  relations  between 
timber  overstory  and  forage  production. 
From  records  of  overstory  data  on  range 
plot  clusters,  this  relation  can  be  deter- 
mined for  Beaver  Creek  conditions  to  show 
the  sampling  design  necessary  to  get  ac- 
ceptable results. 

3.  To  suggest  the  needed  additional  research 
required  to  put  the  pilot  tests  on  the  ground 
and  to  interpret  the  results  for  evaluation. 
Often  treatments  that  seem  simple  but  are 
really  loosely  defined  are  difficult  to  put  on 
the  ground  because  of  gaps  in  research 
knowledge. 

One  example  of  this  is  control  burning  a 
ponderosa  pine  watershed.  On  the  face  of  it 
this  sounds  simple.  But  pilot  plant  objec- 
tives and  administrative  prudence  require 
asking  the  why,  when,  what,  how,  where 
questions,  and  it  becomes  apparent  that 
really  too  little  is  known  to  make  effective 
use  of  a  watershed  by  just  intentionally 
burning  it.  Thus  a  fire  research  project 
has  been  located  near  the  pilot  watersheds 
to  provide  background  information  about 
the  use  of  fire  on  a  pilot  test  basis.  A  deci- 
sion to  burn  can  then  be  defended  on  tech- 
nical grounds,  and  adequate  descriptive 
data  can  be  collected  from  the  pilot  water- 
shed about  the  fire  and  analyzed  for  inter- 
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pretation   and  later  extrapolation  to  other 
areas. 

Another  example  involves  interpretation 
of  herbage  production  records  so  they  will 
have  meaning  in  an  economic  evaluation. 
Herbage  becomes  forage,  and  an  economic 
reality,  when  it  is  consumed  by  livestock 
and  game.  Since  watershed  treatments  are 
likely  to  increase  forage  quantities  and 
change  forage  quality,  their  effects  on  meat 
production  and  animal  gains  become  an  im- 
portant economic  question.  This  question 
led  to  a  separate  study  designed  to  deter- 
mine the  influence  of  tree  overstory  on 
forage  and  beef  production,  and  the  rela- 
tion of  the  quality  and  quantity  of  forage 
eaten  to  animal  weight  gains.  A  similar 
study  is  anticipated  by  the  Arizona  Game 


and  Fish  Department  to  characterize  treat- 
ments in  terms  of  deer  potential.  These 
studies  will  help  in  the  interpretation  of 
watershed  treatment  effects  on  the  range 
resource,  and  will  point  out  the  measure- 
ments that  require  special  attention  in  in- 
ventories so  efficient  methods  suitable  for 
large-scale  management  can  be  developed. 

The  implication  of  the  foregoing  is  that,  as 
a  result  of  the  pilot  plant  operation,  (1)  ques- 
tions are  asked  of  research,  (2)  methods  are 
developed  for  predicting  watershed  treatment 
outcomes,  so  that  (3)  before- and- after  product 
mixes  can  be  determined  for  other  areas  gen- 
erally similar  to  the  pilot  plant.  This  will  en- 
able land  managers  to  determine  the  product 
mix  and  economic  data  about  their  problem 
areas  to  help  them  decide  the  best  treatment. 


Africsltiin  —  CSU,  Ft  CoUini 
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Rotation,  Rest-Rotation,  and  Season-Long  Grazing 

on  a  Mountain  Range  in  Wyoming 

by 

W.  M.  Johnson 


One  of  the  most  important  problems  facing 
managers  of  cattle  ranges  in  the  western 
United  States  is  how  to  obtain  better  distribu- 
tion of  grazing.  On  almost  all  cattle  ranges 
there  are  certain  areas  where  grazing  is  con- 
centrated, while  adjacent  areas  may  be  very 
lightly  grazed.  This  is  especially  noticeable 
where  the  range  is  composed  of  moist  bottom 
lands  interspersed  with  drier  uplands.  Areas 
of  concentrated  grazing  may  also  develop 
away  from  water.  On  these  areas  the  pre- 
ferred forage  plants  are  heavily  utilized,  and 
less  desirable  plants  are  grazed  very  lightly, 
if  at  all.  For  this  reason,  it  is  sometimes 
difficult  to  improve  range  conditions  even 
when  numbers  of  livestock  are  in  balance  with 
forage  production. 

The  Pole  Mountain  unit  of  the  Medicine 
Bow  National  Forest  in  Wyoming  is  an  exam- 
ple of  a  cattle  range  where  these  problems 
exist  (fig.  1),  Three  allotments  in  this  unit 
were  selected  for  study:  the  North  Pasture, 
Green  Mountain,  and  Lodgepole.  Previously, 
under  season-long  grazing  (June  1  to  October 
15),  cattle  on  the  North  Pasture  Allotment 
grazed  only  about  one- half  of  the  usable  range 
area.  Some  of  this  area,  principally  in  the 
southwest  quarter  of  the  allotment,  was  grazed 
in  excess  of  50  percent  utilization.  The  re- 
mainder was  grazed  very  lightly,  principally 
along  the  bottoms. 

Green  Mountain  was  an  example  of  heavy 
grazing  throughout  the  entire  allotment,  with 
the  bottom  areas  grazed  excessively.  Topog- 
raphy, water  distribution,  and  forage  types 
were  similar  to  the  North  Pasture  Allotment. 
Except  for  scattered  rock  outcrops  and  occa- 
sional patches  of  dense  timber,  all  portions 
of  the  allotments  were  easily  accessible  to 
livestock. 


The  bottom  areas  in  the  Lodgepole  Allot- 
ment were  all  very  heavily  grazed,  but  some 
of  the  upland  areas  were  grazed  more  moder- 
ately. Topography  and  forage  types  in  the 
northeast  quarter  of  this  allotment  were  simi- 
lar to  the  other  two  allotments,  therefore 
observations  were  confined  to  this  area. 

The  object  of  this  study  was  to  evaluate 
three  methods  of  management  in  relation  to 
their  effect  on  patterns  of  utilization  on  upland 
and  bottom  areas,  and  accompanying  changes 
in  the  vegetation. 

Different  methods  of  management  were 
compared  on  the  three  allotments.  The  North 
Pasture  Allotment  was  divided  into  four  units 
about  equal  in  grazing  capacity  for  rest- rota- 
tion management.  Three  units  were  grazed 
each  season,  while  the  fourth  was  left  un- 
grazed  for  that  season.  The  period  of  use  on 
each  unit  and  the  unit  not  grazed  for  each  of 
the  4  years  of  the  study  were  as  follows: 

Year  and  Unit  No. 


1958 

1959 

1960 

1961 

1 

2 

3 

4 

2 

3 

4 

1 

3 

4 

1 

2 

4 

1 

2 

3 

June  1-July  16 
July  17- Aug.  31 
Sept.  1-Oct.  15 
Not  grazed 


The  Green  Mountain  Allotment  was  also 
divided  into  four  units,  but  all  units  were 
grazed  each  year  in  a  simple  four-pasture 
rotation  system.  The  time  of  grazing  was 
rotated  as  follows: 

Year  and  Unit  No. 
1958    1959    1960    1961 

2  3  4  1 

3  4  12 

4  12  3 
12          3          4 


June  1-July  4 
July  5- Aug.  7 
Aug.  8-Sept.  10 
Sept.  11-Oct.  15 


Figure  2. — Location 
of  Po le  Mountain 
Allotments  used  in 
this  study. 


The  Lodgepole  Allotment  was  continued 
under  season-long  management,  and  used  as 
a  check  to  help  evaluate  changes  in  utilization 
and  vegetation  on  the  other  two  allotments. 

During  the  period  of  study,  no  changes  were 
made  in  the  numbers  of  livestock  permitted  to 
graze  the  allotments.  Some  fluctuations  oc- 
curred on  the  Lodgepole  Allotment,  however, 
because  some  permittees  kept  their  livestock 
on  their  home  ranges  until  after  the  breeding 
season.  This  amounted  to  reductions  in  use  of 
approximately  900  animal  months  in  1959  and 
450  animal  months  in  1960.  Permitted  use  on 
this  allotment  was  3,213  animal  months. 


Description  of  the  Area 

The  North  Pasture  Allotment  contained 
16,603  acres,  of  which  15,548  acres  were 
usable  range.  Actual  grazing  use  from  1950 
to  1958  had  been  1,949  animal  months  per 
year. 

On  this  area,  only  three  vegetation  types 
contributed  importantly  to  acreage  and  graz- 
ing capacity.  The  largest  (8,738  acres,  fig.  2) 
was  the  grassland  type,  where  Griff iths  wheat- 
grass,^   slimstem  muhly,    and  three-tip  sage- 

3  Common  and  botanical  names  of  species  are 
listed  on  page  15. 


'igure  2. — Grassland  types  oaaur 
on  upland  areas  of  gently  rolling 
topography.  Stream  channels  are 
seldom  incised  more  than  50  to  75 
feet. 


brush  were  dominants,  and  prairie  Junegrass, 
Idaho  fescue,  Sandberg  bluegrass,  and  Parry 
danthonia  were  associated  species. 


sedges  and  rushes,  Kentucky  bluegrass,  tufted 
hairgrass,  and  bluejoint  reedgrass.  This  type 
occupied  122  acres  (fig.  4), 


The  mixed  shrub  type  dominated  by  big 
sagebrush,  bitterbrush,  and  Griffiths  wheat- 
grass  occupied  2,714  acres.  The  same  type 
but  with  an  open  stand  of  ponderosa  pine  oc- 
cupied 2,409  acres.  For  evaluation  purposes 
these  two  types  were  considered  the  same. 
Associated  species  were  Idaho  fescue,  spike- 
fescue,  western  wheatgrass,  needle-and- 
thread,  and  sun  sedge  (fig.  3). 

The  most  important  species  in  the  meadow 
type    along   the    valley  bottoms  were  various 


Observations  on  the  North  Pasture  Allot- 
ment were  confined  to  these  three  major 
vegetation  types. 

The  Green  Mountain  Allotment  contained 
9,351  acres,  of  which  8,974  were  usable  range. 
Actual  grazing  use  had  been  2,250  animal 
months  per  year. 

The  same  forage  types  were  present  as  on 
the  North  Pasture  Allotment,  but  only  two  of 
these  were  important  from  an  area  and  graz- 


'gure  Z. — The  mixed  shrub  types 
oaaur  on  slightly  steeper  slopes 
than  the  grasslands ,  and  are  well 
vegetated. 


H^a-'- 


H|Bi!l^'^!lN»M. 


Figure  4. — Meadows  vary  from  semi- 
dry  and  well  drained  to  very  wet 
and  boggy  areas.  The  boggy  areas 
were  not  studied. 


ing  capacity  standpoint- -the  open  grasslands 
and  the  meadow  types.  The  species  composi- 
tion was  very  similar  to  that  on  the  North 
Pasture  Allotment,  but  some  of  the  more  de- 
sirable grasses  (Parry  danthonia,  spikefescue, 
mountain  muhly,  and  others)  were  less  abun- 
dant and  plant  vigor  was  much  lower. 

The  Lodgepole  Allotment  joins  the  Green 
Mountain  Allotment  on  the  west  and  the  North 
Pasture  Allotment  on  the  south.  Only  a  small 
portion  of  the  allotment  (the  northeast  corner) 
was  evaluated.  The  area  was  approximately 
the  same  size  as  one  unit  of  the  Green 
Mountain  Allotment,  and  contained  approx- 
imately the  same  proportion  and  distribution 
of  vegetative  types. 

For  the  Green  Mountain  and  Lodgepole 
Allotments,  the  evaluation  was  confined  to  the 
grassland  and  meadow  types  of  vegetation. 

Six  locations  in  grassland,  six  in  sage- 
brush, and  six  in  meadow  types  in  each  of  the 
four  units  in  the  North  Pasture  Allotment 
were  studied.  To  better  evaluate  changes  in 
plant  cover,  the  six  locations  in  the  meadows 
were  further  categorized  as  "wet"  and  "dry" 
meadows.  Three  locations  in  the  grassland 
and  three  in  bottom  types  in  each  unit  of  the 
Green  Mountain  Allotment  and  in  the  study 
area  of  the  Lodgepole  Allotment  were  studied. 
All  locations  were  selected  to  be  as  nearly 
typical  of  existing  conditions  as  possible. 


At  each  location,  one  cluster  of  two  tran- 
sects was  established  to  measure  changes  in 
the  vegetative  cover.  The  3-step  method  de- 
veloped by  Parker  "*  was  followed.  The  tran- 
sects were  permanently  located  and  measured 
in  1958,  and  remeasured  in  1962  and  1963. 
Measurements  made  in  1958  were  considered 
pretreatment  data.  Effectiveness  of  the  pro- 
posed management  procedure  was  measured 
in  terms  of  change  from  1958  conditions. 

The  degree  of  herbage  utilization  was 
based  on  the  percent  of  weight  removed  in 
relation  to  percent  of  height  removed.  ^  These 
measurements  were  obtained  each  year  at  the 
end  of  the  grazing  period  on  each  unit. 

Species  selected  for  utilization  measure- 
ment on  the  grassland  and  browse  types  were 
Griffiths  wheatgrass,  slimstem  muhly,  needle- 
and-thread,  Idaho  fescue,  and  sun  sedge.  The 
first  two  species  are  not  considered  choice 
forage  species,  but  were  used  because  the 
more  desirable  species  such  as  mountain 
muhly,    Idaho  fescue,  needle-and-thread,  and 


^Parker,  Kenneth  W.  A  method  for  measur- 
ing trend  in  range  condition  on  national 
forest  ranges.  26  pp.,  illus.  1951.  (Unpub- 
lished report  on  file  at  U.  S.  Forest  Serv., 
Washington,   D.    C. ) 

^Lormasson,  T.  and  Jensen,  Chandler.  De- 
termining utilization  of  range  grasses  from 
height^eight  table.  Jour.  Forestry  41:  589- 
593,   illus.      1943. 


-  4 


Parry   danthonia  were  not  always  present  in 
sufficient  abundance  to  measure. 

On  the  meadows  the  species  selected  for 
utilization  measurements  were  slender  wheat- 
grass,  Kentucky  bluegrass,  tufted  hairgrass, 
needle-and-thread,  Nebraska  sedge,  needle- 
leaf  sedge,  and  shortbeak  sedge.  These  were 
considered  choice  forage  species. 


Results 

Utilization  on  Allotments 

How  the  system  of  management  influences 
utilization  was  studied  by  comparing  the  use 
of  the  types  during  the  1956-57  period  ("pre- 
treatment"),  when  all  allotments  were  grazed 
season-long,  with  the  utilization  during  the 
1958-61  period  ("treatment"),  when  the 
Lodgepole  Allotment  was  grazed  season- long, 
and  the  North  Pasture  and  Green  Mountain 
Allotments  were  grazed  under  rotation  plans. 
By  allotments  and  vegetative  types,  the  aver- 
age utilization  of  all  species,  measured  by 
percent  of  weight  removed  was  as  follows: 

Pretreatment    Treatment 


1956-57 

1958-61 

Lodgepole  (season 

-long 

grazing,  both  peri 

3ds): 

Grassland 

10.0 

9.0 

Meadow 

31.6 

33.0 

Green  Mountain 

(rotation  grazing): 

Grassland 

13.1 

9.6 

Meadow 

41.1 

16.1 

North  Pasture 

(rest- rotation  grazing): 

Grassland 

8.0 

4.2 

Meadow 

28.0 

17.8 

Mixed  browse 

13.2 

6.4 

S^!;''^^^^ .      .^lAMMlii 

^^ 

■m 

m^tLA^k^.         mito.%. 

Figure  5. --At  end  of  the  season.  Unit  1  of  the 
Green  Mountain  Allotment  clearly  shows  light 
use  in  the  bottoms   under  rotation  grazing. 

rotation  period  was  reduced  from  41  to  16 
percent.  This  reduction  was  clearly  evident 
on  all  meadow  areas  (fig.  5).  Their  condition 
was  a  striking  contrast  to  the  condition  of  the 
same  meadows  during  the  pretreatment  period, 
or  to  similar  meadows  in  the  Lodgepole 
Allotment  (fig.  6). 

Utilization  during  the  rest- rotation  period 
of  management  on  the  North  Pasture  Allot- 
ment was  about  half  that  received  during  pre- 
treatment period  of  season- long  grazing.  The 
largest  reduction  in  use  (10.2  percent)  was 
measured  on  the  meadow  types,  and  the  least 
(3.8  percent)  on  the  grassland  types.  There 
was  no  real  change  in  the  pattern  of  grazing 
on  the  different  types  of  vegetation,  but  rather 


Figure  6. — This  close  utilization  of  a  meadow 
area  in  the  Lodgepole  Allotment  is  a  oharac- 
teristie  of  season-long  grazing  management. 


There  was  no  significant  change  in  utiliza- 
tion on  the  Lodgepole  Allotment,  which  was 
grazed  season-long  during  both  the  pretreat- 
ment and  treatment  periods. 

Rotation  management  on  the  Green  Moun- 
tain Allotment  during  1958-61  reduced  average 
utilization  on  grassland  types  slightly  below 
the  pretreatment  level,  but  the  reduction 
probably  was  not  of  practical  significance.  On 
the  meadows,  however,  utilization  during  the 
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a  general  decrease  over  all  types.  During  the 
1956-57  period,  grazing  tended  to  be  concen- 
trated in  one  part  of  the  allotment  and  other 
parts  were  little  used.  Under  rest- rotation 
management,  the  cattle  were  more  equally 
distributed. 


Utilization  by  Species  and  Units 

On  grassland  areas  in  the  Lodgepole  Allot- 
ment, some  changes  in  species  utilization  are 
not  explainable  at  present.  According  to  meas- 
urements made  during  the  study,  utilization  of 
Griffiths  wheatgrass  increased  (table  1),  while 
utilization  of  slimstem  muhly  decreased. 

On  the  meadow  areas  in  the  Lodgepole 
Allotment  the  pattern  of  species  utilization 
did  not  change  significantly.  All  species 
showed  reasonably  consistent  degrees  of  use 
from  1957  to  1961.  Nebraska  sedge  and  slen- 
der wheatgrass  carried  most  of  the  grazing; 
Kentucky  bluegrass  and  shortbeak  sedge  were 
grazed  moderately. 

On  grassland  types  in  the  Green  Mountain 
Allotment,  needle- and-thread  was  by  far  the 
most  heavily  grazed  species  measured  (table 
1).  This  species  does  reflect  the  reduced 
utilization  resulting  from  the  rotation  system 
of  management  on  units  1  and  2,  but  on  units  3 
and  4  utilization  was  heavier  under  rotation 
grazing.  This  change  is  undoubtedly  related 
to  changes  in  the  pattern  of  distribution  of  the 
livestock.  Average  utilization  of  needle- and- 
thread  under  season-long  grazing  was  20  per- 
cent as  compared  with  14  percent  during  the 
rotation  period. 

Griffiths  wheatgrass  was  more  palatable 
than  slimstem  muhly  on  the  two  units  in  which 
it  was  measured  as  an  indicator  of  utilization. 
Utilization  of  the  wheatgrass  was  lower  dur- 
ing the  rotation  grazing  (9.0  percent)  than 
during  season-long  grazing  (13.5  percent). 

Slimstem  muhly  was  grazed  the  least  of  all 
species  measured.  No  significant  differences 
in  utilization  of  this  species  were  found  be- 
tween rotation  and  season- long  grazing. 

Meadows  in  units  2  and  3  of  the  Green 
Mountain  Allotment  were  more  heavily  grazed 


under  season-long  management  than  the  mea- 
dows in  units  1  and  4  (table  1).  Also,  under 
rotation  grazing  utilization  was  more  uni- 
formly distributed  over  all  meadows,  although 
those  in  units  2  and  3  were  still  grazed  more. 
Based  on  utilization  of  Kentucky  bluegrass  and 
shortbeak  sedge  (the  only  species  measured 
on  all  units),  the  average  use  on  units  2  and  3 
prior  to  rotation  was  66  percent  and  during 
rotation  23.5  percent,  or  only  one-third  as 
heavy.  For  units  1  and  4,  average  utilization 
prior  to  rotation  v;as  29  percent  and  during 
rotation  13  percent,  or  only  half  as  heavy. 

Utilization  of  the  different  forage  species 
varied  considerably  between  the  Green  Moun- 
tain and  Lodgepole  Allotments.  Shortbeak 
sedge  was  one  of  the  most  heavily  grazed 
species  on  the  Green  Mountain  Allotment,  but 
not  on  the  Lodgepole.  Slender  wheatgrass  was 
grazed  as  heavily  as  Kentucky  bluegrass  on 
the  Green  Mountain  allotment,  but  was  more 
heavily  grazed  on  the  Lodgepole  Allotment. 
Tufted  hairgrass  was  very  lightly  utilized 
under  rotation  grazing.  Reasons  for  these 
inconsistencies  in  species  utilization  are  not 
fully  understood. 

On  grassland  areas  in  the  North  Pasture 
Allotment,  Griffiths  wheatgrass  was  grazed 
more  heavily  than  slimstem  muhly  both  during 
and  prior  to  the  rest-rotation  period  (table  1). 
Under  rest- rotation  grazing,  utilization  on 
Griffiths  wheatgrass  averaged  5.5  percent  as 
compared  with  9.1  percent  under  season-long 
grazing;  utilization  of  slimstem  muhly  aver- 
aged 2.9  percent  under  rest- rotation  grazing 
and  6.8  percent  under  season-long  grazing. 

On  the  mixed-browse  type  in  the  North 
Pasture  Allotment,  needle-and-thread  was  the 
most  heavily  utilized  species  under  both  sea- 
son-long and  rest- rotation  grazing.  Idaho 
fescue  ranked  next  under  season-long  grazing, 
but  sun  sedge  ranked  second  under  rest- rota- 
tion. Utilization  of  sun  sedge  and  slimstem 
muhly  were  about  equal  at  the  beginning  of  the 
study,  but  use  of  the  latter  decreased  con- 
siderably under  the  rest- rotation  system 
whereas  the  use  on  sun  sedge  did  not.  Grif- 
fiths wheatgrass  was  grazed  least  in  the 
initial  period,  but  was  more  palatable  than 
slimstem  muhly  during  the  rest- rotation 
period. 


Table  1.  --Average  utilization  by  species,    units,   and  grazing  systems,   during  pretreatment  period 
(1956-57)  when  all  units  were  grazed  season-long,   and  treatment  period  (1958-61)    when 
Lodgepole  Allotment  was  grazed  season-long.   Green  Mountain  by  rotation,   and  North 
Pasture  by  rest-rotation 


Allotment,    unit, 

vegetative    type, 

and  species 


Pretreat- 
ment 
1956-57 


Treat- 
ment 
1958-61 


Allotment,    unit, 

vegetative    type, 

and   species 


Pretreat- 
ment 
1956-57 


Treat- 
ment 
1958-61 


Pet,  weight  removed 
LODGEPOLE   ALLOTMENT 


Pet.    weight  removed 


Grasslands : 


Griffiths  wheatgrass 
Slimstem  muhly 


Meadows : 


8.  5 

14.0 

11.  5 

4.1 

30.  5 

36.5 

27.0 

24.6 

47.0 

45.6 

2Z.  0 

2  5.3 

11.0 

5.4 

1.  5 

4.9 

31.0 

14.8 

8.8 

3.0 

25.  5 

10.6 

16.0 

12.  5 

12.0 

18.6 

1.  5 

4.  4 

10.  5 

12.0 

Slender  wheatgrass 
Kentucky  bluegrass 
Nebraska  sedge 
Shortbeak  sedge 


GREEN    MOUNTAIN   ALLOTMENT 
Grasslands: 


Unit   1     Griffiths  wheatgrass 
Slimstem  muhly 
Needle -and -thread 

Unit  2     Slimstem  muhly 

Needle  -and  -thread 

Unit  3    Griffiths  wheatgrass 
Needle -and -thread 

Unit  4    Slimstem  muhly 

Needle  -and  -thread 

Meadows : 

Unit  1  Slender  wheatgrass 
Kentucky  bluegrass 
Shortbeak  sedge 

Unit  2  Kentucky  bluegrass 
Shortbeak  sedge 

Unit  3  Kentucky  bluegrass 
Shortbeak  sedge 

Unit  4    Slender  wheatgrass 
Kentucky  bluegrass 
Tufted  hairgrass 
Shortbeak  sedge 


NORTH    PASTURE    ALLOTMENT 

Grasslands: 

Unit   1     Griffiths  wheatgrass  9.  5 

Slimstem  muhly  5.  8 


28.0 

12.  1 

21.0 

10.  0 

20.  5 

14.  1 

67.0 

16.8 

77.0 

20.0 

58.0 

26.6 

60.0 

30.4 

33.  5 

15.0 

23.0 

15.0 

31.  5 

4.4 

32.  5 

12.9 

5.  0 
3.  0 


Unit  2     Griffiths  wheatgrass 
Slimstem  muhly 

Unit  3    Griffiths  wheatgrass 
Slimstem  muhly 

Unit  4    Griffiths  wheatgrass 
Slimstem  muhly 

Mixed  browse: 

Unit  1     Griffiths  wheatgrass 
Slimstem  muhly 

Unit  2     Griffiths  wheatgrass 
Slimstem  muhly 
Idaho  fescue 

Unit  3     Griffiths  wheatgrass 
Slimstem  muhly 
Idaho  fescue 
Sun  sedge 

Unit  4    Griffiths  wheatgrass 
Slimstem  muhly 
Idaho  fescue 
Needle -and -thread 

Meadows: 

Unit   1     Needle -and -thread 
Kentucky  bluegrass 
Nebraska  sedge 
Shortbeak  sedge 
Needleleaf  sedge 

Unit  2     Needle -and -thread 
Kentucky  bluegrass 
Nebraska  sedge 
Shortbeak  sedge 
Needleleaf  sedge 

Unit  3    Slender  wheatgrass 
Needle -and -thread 
Nebraska  sedge 
Shortbeak  sedge 
Needleleaf  sedge 

Unit  4    Needle-and-thread 
Nebraska  sedge 
Shortbeak  sedge 
Needleleaf  sedge 


10.5 

6.8 

7.5 

3.8 

9.3 

6.7 

8.8 

4.0 

7.0 

3.7 

5.3 

.7 

7.6 

5.8 

12.0 

3.8 

7,  0 

5.5 

10.3 

6.0 

16.  0 

7.  5 

8.8 

6.2 

11.3 

3.0 

9.0 

4.  5 

12.  5 

11.2 

7.3 

5.  5 

15.0 

2.3 

24.  0 

3.3 

31.5 

18.0 

17.4 

24.0 

30.5 

15.8 

32.9 

13.3 

34.0 

11.7 

12.  0 

12.2 

33.8 

26.3 

44.0 

17.0 

29.3 

30.2 

22.  5 

17.8 

9.0 

13.2 

33.0 

18.8 

44.0 

25.2 

28.3 

20.7 

34.3 

12.7 

13.0 

5.0 

39.8 

37,  3 

26.3 

16.8 

32.3 

10.0 

15.8 

10.7 

^Rest-rotation  grazing:     average  of  years  of  actual  use  only. 


Table  2.  --Average  utilization   by    species    and  period  of  use  during  treatment  period,     1958-61,    on 
Green  Mountain  Allotment  (rotation  grazing)   and  North  Pasture    (rest-rotation   grazing) 


Allotment  and 
vegetative  type 


Species 


First  period 


Second  period 


Third  period 


Fourth  period 


Grasslands 


Meadows 


Average 


Average 


Percent  weight  removed     -  -  - 


IN  ALLOTMENT: 

Griffiths  wheatgrass 

7.0 

8.  5 

8.5 

12.0 

Slimstem  muhly 

3.3 

7.3 

3.8 

1.8 

Needle -and -thread 

11.3 

17.0 

18.6 

9.  1 

7.2 


14.9 


10.9 


12.6 


10.3 


13.7 


7.6 


Slender  wheatgrass 

13.0 

5.  5 

13.0 

22.8 

Kentucky  bluegrass 
Tufted  hairgrass 

17.8 
7.  5 

23.  1 
1.  5 

15.3 
6.5 

12.5 
2.2 

Shortbeak  sedge 

21.  5 

20.  5 

20.0 

15.4 

13.2 


NORTH   PASTURE   ALLOTMENT: 
Grasslands 


Mixed  browse 


Meadows 


Griffiths  wheatgrass 

3.8 

6.4 

6.5 

(') 

Slimstem  muhly 

2.  5 

3.4 

2.6 

(') 

Average 

Griffiths  wheatgrass 
Slimstem  muhly 
Idaho  fescue 
Needle -and -thread 
Sun  sedge 


Average 

Slender  wheatgrass 
Kentucky  bluegrass 
Needle  -and  -thread 
Needleleaf  sedge 
Shortbeak  sedge 
Nebraska  sedge 

Average 


3.2 


10.0 


4.9 


8.0 


4.6 


7.  5 


{') 


4.  1 

6.  1 

7,0 

.2  . 

2.6 

4.9 

3.9 

,2  , 

2.5 

3.  1 

5.9 

,2  V 

36.0 

17.0 

1.0 

,2  > 

5.0 

9.0 

19.5 

,2  , 

7.  5 

27.0 

22.0 

,2  , 

6.8 

15.0 

27.  5 

,2  > 

26.0 

22.6 

36.0 

,2  , 

8.3 

8.8 

13.8 

,2  V 

12.4 

13.0 

13.8 

,2  > 

13.8 

21.4 

25.6 

,2  , 

12,  5 

18.0 

23.  1 

(') 

Occurred  on  one  unit  only. 
Rest  period;  no  grazing. 

With  season- long  use  on  the  meadows  of 
the  North  Pasture  Allotment,  relative  utiliza- 
tion of  the  species  studied  varied  consider- 
ably. For  example,  needle-and-thread  was 
very  lightly  utilized  in  unit  1  (17.4  percent) 
but  was  the  most  heavily  grazed  species  in 
unit  3   (44  percent,  table  1).  Utilization  on  all 


species  except  needleleaf  sedge  averaged  be- 
tween 29.2  percent  (Nebraska  sedge)  and  37.2 
percent  (Kentucky  bluegrass),  however,  which 
indicates  that  for  the  whole  allotment  there 
was  little  difference  among  the  species.  Nee- 
dleleaf sedge  was  only  grazed  an  average  of 
12.4  percent. 


During  the  rest- rotation  period  of  grazing, 
variation  in  utilization  for  the  different  spe- 
cies was  shown  more  clearly.  Based  on  aver- 
age utilization  the  ratings  were  as  follows: 

Percent 
Season-long: 

Kentucky  bluegrass  37,2 

Needle-and-thread  33.8 

Slender  wheatgrass  33.0 

Shortbeak  sedge  30.8 

Nebraska  sedge  29.2 

Needleleaf  sedge  12.4 

Rest-rotation: 

Needle-and-thread  28.2 

Nebraska  sedge  20.2 

Slender  wheatgrass  18.8 

Kentucky  bluegrass  16.4 

Shortbeak  sedge  13.0 

Needleleaf  sedge  10.3 


The  utilization  of  individual  species  in  re- 
lation to  time  of  grazing  was  highly  variable 
and,  in  certain  instances,  inconsistent.  When- 
ever Griffiths  wheatgrass  was  used  as  an 
indicator  of  utilization,  however,  it  was  used 
most  heavily  during  the  last  period  of  grazing. 
Needle-and-thread  was  grazed  most  heavily 
in  the  mixed-browse  type  during  the  early 
summer,  in  the  grassland  types  in  midsum- 
mer, and  in  meadow  types  in  late  summer. 
Use  on  slender  wheatgrass,  Kentucky  blue- 
grass,  and  tufted  hairgrass  was  also  incon- 
sistent. In  general,  the  sedges  were  grazed 
most  heavily  late  in  the  season. 

From  these  studies  it  would  appear  that 
grazing  use  of  different  vegetation  types  and 
of  individual  species  of  plants  is  related  more 
to  the  needs  and  preference  of  the  animal  than 
to  the  time  of  year  the  range  is  grazed. 


Utilization  by  Period  of  Use 


Changes  in  Plant  Cover 


The  time  of  year  that  an  area  was  grazed 
had  little  effect  on  the  intensity  of  utilization 
on  grassland  types.  This  was  true  on  both  the 
Green  Mountain  and  North  Pasture  Allotments 
(table  2).  There  was  some  indication  that  the 
cattle  grazed  the  upland  areas  more  heavily 
in  midsummer  than  either  earlier  or  later  in 
the  year,  but  the  differences  are  not  signifi- 
cant. Greater  freedom  from  flies  because  of 
the  almost  constant  winds  on  the  upland  areas 
may  have  been  responsible  for  the  slight 
preference  cattle  exhibited  for  these  areas 
during  midsummer. 

On  the  more  heavily  stocked  Green  Moun- 
tain Allotment  there  was  no  significant  differ- 
ence in  the  average  utilization  of  the  meadow 
types  as  related  to  time  of  grazing.  On  the 
lightly  stocked  North  Pasture,  however,  utili- 
zation was  lightest  during  the  early  part  of  the 
season.  Utilization  was  heaviest  during  the 
last  period  of  grazing,  September  1  to  October 
15,  probably  because  the  meadow  vegetation 
stayed  green  late  into  the  season. 

The  mixed-browse  type  in  the  North  Pas- 
ture Allotment  was  grazed  most  heavily  dur- 
ing the  first  period,  June  1  to  July  16.  These 
areas  provide  good  shelter  during  the  cold 
storms  and  winds  that  occur  frequently  during 
this  period. 


Plant  cover  did  change  during  the  period 
of  study.  Transect  measurements,  by  number 
of  hits  per  100-foot  transect,  in  1958  and 
again  in  1962  showed  the  following  changes  in 
vegetative  cover  by  three  metliods  of  range 
management: 

Original      Change 
1958  1962 

Lodgepole  (season-long 
grazing,  both  periods): 

Wet  bottoms  78  +5 

Grasslands  43  +4 

Green  Mountain 
(rotation  grazing): 

Wet  bottoms  77  +10 

Grasslands  60  -    1 

North  Pasture 
(rest- rotation  grazing): 

Wet  bottoms  76  +15 

Dry  bottoms  61  +20 

Grassland  46  +12 

Mixed  shrub  29  +13 

In  the  wet- meadow  type  in  the  Lodgepole 
Allotment,  the  number  of  loops  that  contained 
living  plants  increased  6  percent.  The  same 
type  on  the  Green  Mountain  Allotment  showed 
an  increase  of  13  percent. 

In  the  wet- meadow  types  on  the  North  Pas- 
ture Allotment,  the  number  of  loops  contain- 


ing  vegetation  increased  20  percent  (fig.  7), 
The  increase  was  even  greater  (33  percent) 
on  the  dry-meadow  types  in  this  allotment. 

The  upland  types  in  the  Lodgepole  and 
Green  Mountain  Allotments  showed  no  signifi- 
cant change  in  the  number  of  loops  containing 
vegetation.  On  the  North  Pasture  Allotment, 
however,  the  number  of  loops  containing  vege- 
tation increased  26  percent  (fig.  8). 

Mixed-browse  types  in  the  North  Pasture 
Allotment  also  improved--the  number  of  loops 
containing  vegetation  increased  45  percent. 

These  gross  changes  in  the  vegetative  cov- 
er were  comprised  of  small  changes  in  many 
species.  In  the  meadow  type  on  the  Lodgepole 
Allotment,  the  largest  species  change  was  an 
average  increase  of  17.3  hits  per  transect 
(table  3)  for  Kentucky  bluegrass.  Tufted  hair- 
grass  and  rose  pussytoes  increased  4.0  and 
4.5  hits  per  transect,  respectively.  Some  spe- 
cies decreased  in  abundance.  The  largest  de- 
creases were  recorded  for  prairie  Junegrass, 
mat  muhly,  sedges  (other  than  Nebraska 
sedge),  and  decumbent  goldenrod. 

On  the  Green  Mountain  Allotment,  the  only 
change  measured  of  any  real  magnitude  was 
an  increase  of  5.1  hits  per  transect  on  Ken- 
tucky bluegrass.  This  was  also  true  on  the 
meadows  in  the  North  Pasture  Allotment, 
where  Kentucky  bluegrass  increased  5.7  hits 
per  transect.  Some  other  species  did  show 
increases,  but  of  smaller  magnitude--slender 
wheatgrass,  prairie  Junegrass,  alpine  timothy, 
and  needle-and-thread  all  increased  within  a 
range  from  1.2  to  2.6  hits  per  transect.  There 
were  no  significant  decreases  in  any  of  the 
species  on  either  Green  Mountain  or  the  North 
Pasture  Allotments.  The  largest  decrease  was 
1.7  hits  on  Baltic  rush  in  the  Green  Mountain 
Allotment. 

In  the  grassland  type,  large  decreases  in 
number  of  hits  per  transect  were  noted  on  the 
Lodgepole  Allotment  for  both  three-tip  sage- 
brush and  selaginella  (table  3).  Slimstem 
muhly  also  decreased,  but  not  as  much.  Small 
but  important  increases  were  noted  for  prairie 
Junegrass.  No  significant  changes  occurred  in 
species  hits  on  the  Green  Mountain  Allotment. 
On  the  North  Pasture  Allotment  the  changes 


in  species  hits  also  were  small.  The  greatest 
changes  took  place  in  three-tip  sagebrush 
(+2.1),  prairie  Junegrass  (+1.9),  slimstem 
muhly  (+1.5),  and  rose  pussytoes  (+1.5),  It  is 
important,  however,  that  almost  all  species 
did  increase  in  number  of  hits  per  transect, 
and  on  these  poor  soils  and  dry  sites  such 
changes  could  be  interpreted  as  an  improve- 
ment in  the  vegetative  cover. 

In  the  mixed-browse  type  on  the  North 
Pasture  Allotment,  no  species  decreased  in 
number  of  hits  per  transect.  Average  increase 
in  the  number  of  hits  per  100  observations 
between  1958  and  1962  by  species  was: 


Griffiths  wheatgrass 

Parry  danthonia 

Idaho  fescue 

Spikefescue 

Prairie  Junegrass 

Slimstem  muhly 

Mountain  muhly 

Sandberg  bluegrass 

Needle-and-thread 

Sedges 

Rose  pussytoes 

Sandwort 

Subalpine  eriogonum 

Big  sagebrush 

Bitterbrush 


1.3 
.1 

1.3 
.1 
.9 

1.1 
.2 

2.4 
.1 
.4 
.4 
.1 
.4 
.6 

2.3 


Griffiths  wheatgrass,  Idaho  fescue,  Sandberg 
bluegrass,  and  antelope  bitterbrush  all  in- 
creased appreciably.  Other  species  changes 
were  small. 


Discussion 

Results  of  this  study  indicate  that  either 
rotation  or  rest- rotation  systems  of  manage- 
ment can  benefit  cattle  ranges.  The  most 
striking  result  is  reduced  utilization  without 
any  reduction  in  the  number  of  animals 
grazed.  The  rotation  system  on  the  Green 
Mountain  Allotment  resulted  in  much  greater 
decreases  in  utilization  on  the  meadow  types 
than  the  rest- rotation  system  on  the  North 
Pasture  Allotment.  This  does  not  necessarily 
mean  that  the  rotation  system  is  better  than 
the  rest-rotation  system.  Both  stocking  rates 
and  utilization  were  lighter  on  the  North  Pas- 
ture Allotment  to  begin  with,  so  the  opportun- 
ity for  reductions  were  not  so  great.  Hormay 
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NORTH         PASTURE         ALLOTMENT 
(Rest-rotation     management) 
MEADOW     TYPE  GRASSLAND     TYPE 


m-NP{>^ 


BEFORE    TREATMENT    (1958) 


>'e  7 .--Grasses  have  increased  and  forbs 
decreased  on  this  same  spot  in 
Unit  4.  Vegetation  increased  20 
percent  in  wet  meadows  and  32 
percent  in  dry  meadows. 


Figure   8.  —  Vegetation     increased  26  percent 
on     this     same     spot     in  Unit   3. 
'    Grasses     are     more     numerous  and 
more  vigorous . 


AFTER    TREATMENT    (196Z) 


Table  3.  --Change  in  frequency  of  species  occurrence,  by  vegetative  type,  as  a  result  of  three 
methods  of  grazing  management  on  three  allotments  of  the  Pole  Mountain  unit.  Medicine 
Bow  National  Forest,    Wyoming,    1958-62 


Vegetative 
type 


Species 


Lodgepole 

Allotment 

(Season-long) 


Green  Mountain 
Allotment 
(Rotation) 


North  Pasture 

Allotment 
(Rest-rotation) 


Grasslands 


Griffiths  wheatgrass 

Blue  grama 

Parry  danthonia 

Idaho  fescue 

Prairie  Junegrass 

Slimstem  mtihly 

Sandberg  bluegrass 

Needle  -and  -thread 

Sedges 

Rose  pussytoes 

Sandwort 

Phlox 

Loco 

Selaginella 

Fringed  sagebrush 

Three-tip  sagebrush 


Average  change  in  number  of  hits  per  100  observations 


+  1.2 
-1.5 


+2.9 
-2.7 
+  1.  1 
+  .4 
+  .7 
+  .2 
+  .9 
+    .2 

-3.6 
-  .4 
-8.7 


-0.  1 
+   .9 

-  .  1 

-  .04 

-  .  1 
-1.0 
+    .7 

-  .4 
+  .  5 
+  .  5 
+    .04 


-1.0 
-1.2 
+    .  1 


+0.  7 
-    .  1 


+ 
+ 
+  1 
+  1 
+  1 

+ 
+  1 

+ 
+ 

+ 
+ 


,01 

2 
,9 
.  5 
,3 
,  1 
,  1 

5 
,4 
.3 
,05 
,9 
,  5 


+2.  1 


Meadows  Slender  wheatgrass 

Tufted  hairgrass 
Prairie  Junegrass 
Mat  muhly 
Alpine  timothy 
Kentucky  bluegrass 
Sandberg  bluegrass 
Needle  -and  -thread 
Nebraska  sedge 
Sedges 
Rush 
Yarrow 

Rose  pussytoes 
Decumbent  goldenrod 
Dandelion 
Fringed  sagebrush 


-2.  5 

+4.  0 


-3.2 
-3.9 
+  .5 
+  17.  3 
-1.7 
+  .3 
+  .3 
-3.6 

-  .2 
+  .8 
+4.5 
-4.5 

-  .3 
+    .4 


+0.2 

-  .8 
+  1.2 
-1.8 
+  1.  1 
+  5.1 
+  .3 
+    .8 

-  .  3 
-2.6 
-1.7 

-  .3 


+2.6 

-  .2 
+  1.7 

-  .  5 
+  1.2 
+  5.7 
+  1.  1 


+2 

+ 


3 
3 

-  .9 
+  1.0 

-  .3 

-  .9 
+  .2 
+  1.0 


and  Talbot  ^  believe,  "Fairly  heavy  stocking 
is  desirable  in  rest- rotation  grazing";  this  is 
certainly  true  if  maximum  benefits  are  to  be 
obtained  from  the  system.  On  the  North  Pas- 
ture Allotment,  the  stocking  rate  was  esti- 
mated  to  be  about  50  percent  of  capacity  at 

^Hormay,  A.  L.  and  Talbot,  M.  W.  Rest- 
rotation  grazing.. .A  new  management  system  for 
perennial  bunahgrass  ranges.  U.  S.  Dept.  Agr. 
Prod.   Res.   Rpt.    51,   43  pp.,   illns.      1961. 


the  start  of  the  study.  Green  Mountain,  on  the 
other  hand,  was  estimated  to  need  a  50  per- 
cent reduction  in  numbers  under  season- long 
use  to  achieve  proper  use  of  the  bottoms. 

Reasons  for  reduced  utilization  without  re- 
duction in  livestock  numbers  have  not  been 
fully  determined.  Several  factors  may  be  in- 
volved: (1)  increased  total  production  of  herb- 
age because  of  increased  plant  vigor;  (2) 
growth  and  production  of  herbage  are  allowed 
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to  get  "ahead  of  the  cattle"  each  year  on  all 
but  one  unit  in  either  system  of  management, 
and  (3)  the  previous  year's  regrowth  after 
grazing  is  mixed  with  the  current  year's 
growth,  which  provides  more  bulk  in  the  diet. 
Other  factors  not  yet  recognized  may  also  be 
important. 

Another  important  result  was  the  more 
uniform  distribution  of  grazing  use  over  the 
entire  allotment.  Again,  the  rotation  system 
on  Green  Mountain  illustrates  this  improved 
uniformity  most  clearly  because  of  the  heavier 
utilization  involved.  Under  season- long  graz- 
ing, the  meadows  in  two  of  the  units  were 
carrying  most  of  the  grazing  load.  The  rota- 
tion system  spread  this  load  more  uniformly 
over  all  the  units.  Similarly,  needle- and- 
thread  in  the  grassland  type  was  being  most 
heavily  grazed  on  two  units  under  season- long 
use.  Under  the  rotation  system,  use  on  this 
grass  decreased  on  these  units  but  increased 
on  the  two  units  where  it  had  previously  been 
very  light.  Similar  trends  toward  more  uni- 
form use  over  the  whole  allotment  were  pres- 
ent but  in  much  lesser  magnitude  on  the  North 
Pasture  Allotment  under  the  rest- rotation 
system  of  management. 

Total  plant  cover  definitely  changed  during 
the  4  years  of  the  rotation  period.  The  changes 
were  of  greatest  magnitude  under  the  rest- 
rotation  system  for  all  types  for  which  com- 
parisons were  available.  The  increase  in 
cover  on  meadow  types  amounted  to  20  per- 
cent, 13  percent,  and  6  percent  for  the  rest- 
rotation  under  light  stocking,  rotation  under 
heavy  stocking,  and  season-long  under  moder- 
ate stocking,  respectively.  Corresponding 
increases  on  the  grassland  type  were  26  per- 
cent, -2  percent  (decrease),  and  9  percent  in 
the  same  order.  For  this  area,  which  has 
relatively  low-fertility  granitic  soils  with 
poor  water-holding  capacity,  and  semiarid  and 
windy  climate,  changes  of  this  magnitude  dur- 
ing a  4-year  period  are  somewhat  surprising. 

The  changes  in  frequency  of  individual 
species  were  small,  and  except  for  Kentucky 
bluegrass  were  probably  insignificant  except 
for  the  consistency  with  which  they  indicate  a 
trend.  These  changes  were  most  pronounced 
in  the  meadow  types. 


Although  Kentucky  bluegrass  is  a  good 
forage  species,  and  in  many  instances  may  be 
more  desirable  than  some  native  species,  it 
is  definitely  an  invader  and  known  to  increase 
under  heavy  grazing.  This  plant  increased  on 
all  allotments,  but  the  increase  on  the  one 
used  season- long  was  more  than  three  times 
as  much  as  on  either  of  the  other  two  allot- 
ments. Some  of  this  increase  occurred  at  the 
expense  of  good  native  forage  species  (fig.  9). 

Three  poor  forage  species — rose  pussy- 
toes,  fringed  sagebrush,  and  yarrow — 
commonly  accepted  indicators  of  range  de- 
terioration, increased  on  the  allotment  grazed 
season-long  but  decreased  (or  made  very 
slight  increase)  on  the  rest-rotation  and 
rotation  allotments. 

A  group  of  good  forage  species — slender 
wheatgrass,  Sandberg  bluegrass,  prairie  June- 
grass,  and  decumbent  goldenrod--all  de- 
creased on  the  season-long  allotment  but 
increased  under  the  other  two  systems  of 
management. 

A  group  of  sedges,  all  of  which  are  good 
forage  species,  decreased  on  all  three  allot- 
ments. The  greatest  decrease,  however,  oc- 
curred on  the  season-long  allotment  and  the 
least  on  the  rest- rotation  allotment. 

When  one  rationalizes  these  changes  in 
cover,  it  appears  obvious  that  a  system  of 
rest-rotation  management  will  stimulate  range 
improvement  more  rapidly  than  a  simple  ro- 
tation system,  but  either  method  will  be  more 
beneficial  to  the  range  than  the  customary 
practice  of  grazing  season- long. 

Rotation  or  rest- rotation  systems  of  man- 
agement cannot  be  initiated  without  encounter- 
ing some  difficulties.  The  most  frequent  prob- 
lem is  concentration  of  use  along  fence  lines. 
Whenever  livestock,  especially  cows  with 
calves,  are  forced  to  give  up  their  established 
and  preferred  grazing  areas  on  an  allotment 
they  will  "fight  the  fences"  trying  to  get  to 
those  preferred  areas.  This  results  in  exces- 
sive trampling  and  use  along  the  fence  lines. 
Fortunately,  this  situation  exists  only  during 
the  first  year;  by  the  second  year  the  animals 
have  adjusted  to  their  new  grazing  areas  and 
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Figure  9. — Changes  in  the  ocawcvenoe  of  selected  native  speoies  in  relation  to  type  of 
grazing  management,   meadow  types,   Pole  Mountain  2958-62. 


the  problem  is  eliminated.  This  situation 
actually  developed  on  the  North  Pasture 
Allotment  during  the  first  year  of  rotation. 

Another  common  problem  is  the  failure  to 
equalize  grazing  capacities  in  units  within  the 
allotments.  This  is  not  serious  unless  the  dif- 
ferences are  great.  An  adjustment  in  the  num- 
ber of  days  of  grazing  will  generally  correct 
this  situation.  As  Hormay  and  Talbot  ^  have 
stated,  however,  "In  effect,  grazing  is  elimi- 
nated as  an  environmental  factor  under  rest- 


rotation  grazing."  This  means  that  the  range 
manager  using  an  adequately  planned  system 
of  rest- rotation  grazing  need  not  be  as 
concerned  about  heavy  rates  of  utilization. 

Rotation  and  rest- rotation  systems  of  man- 
agement have  sufficient  flexibility  to  meet 
most  range  conditions.  Properly  planned  and 
executed  they  can  be  beneficial.  They  must, 
however,  be  planned  so  that  the  physiological 
needs  of  the  vegetation  are  most  effectively 
met. 
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COMMON  AND   BOTANICAL   NAMES   OF   SPECIES    MENTIONED 


Bltterbrush,    antelope 
Bluegrass,   Kentucky 
Bluegrass,    Sandberg 
Dandelion 
Danthonia,   Parry 
Eriogonum,    subalpine 
Fescue,    Idaho 
Goldenrod,   decumbent 
Grama,   blue 
Hairgrass,    tufted 
Junegrass,   prairie 
Loco 

Muhly,   mat 
Muhly,   mountain 
Muhly,    slims tem 
Need le-and- thread 
Phlox 

Pine,    ponderosa 
Pussytoes,    rose 
Reedgrass,   bluejoint 
Rush,   Baltic 
Sagebrush,   big 
Sagebrush,    fringed 
Sagebrush,    three-tip 


Purshia  tvidentata   (Pursh)    DC. 

Poa  pratensis  L. 

Poa  seounda  Presl. 

Taraxacum  spp. 

Danthonia  parryi   Scribn. 

Eriogonum  subatpintav   Greene 

Festuoa  idahoensis   Elmer 

Sotidago  deoumbens   Greene 

Bouteloua  gracilis    (H.B.K.)  Lag. 

Desohampsia  caespitosa   (L.)  Beauv. 

Koelaria  cristata   (L.)  Pers. 

Astragalus   spp. 

Muhlenbergia  richardsonis    (Trin.)  Rydb. 

Muhlenbergia  montana   (Nutt.)  Hitchc. 

Muhlenbergia  filioulmis   Vasey 

Stipa  aomata   Trin.  &  Rup. 

Phlox   spp. 

Pinus  ponderosa   Laws  on 

Antennaria  rosea   (D.  C.  Eaton)  Greene 

Calamagrostis  canadensis    (Michx.)  Beauv, 

Juncus  balticus   Willd. 

Artemisia  tridentata   Nutt . 

Artemisia  frigida  Willd. 

Artemisia  tripartita   Rydb. 


Sandwort 
Sedge,  Nebraska 
Sedge,  needleleaf 
Sedge,  shortbeak 
Sedge,  sun 
Selaginella 
Spikefescue 
Timothy,  alpine 
Wheatgrass,  Griffiths 
Wheat grass,  slender 
Wheatgrass,  western 
Yarrow 


Arenaria   spp. 

Carex  nebraskensis   Dewey 

Carex  eleooharis   Bailey 

Carex  simulata   Mack. 

Cavex  heliophila   Mack. 

Selaginella  densa   Rydb. 

Hesperoohloa  kingii    (S.  Wats.)  Rydb. 

Phleum  al'pinum   L. 

Agropyvon  gviffithsii    (Scribn.  &  Smith) 

Agropyron  traahyaaulum   (Link)  Malte 

Agropyron  snrithii   Rydb. 

Achillea   lanulosa   Nutt. 


Agricaltore  —  CSU,  Ft  Collina 
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